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PEEFAC^J. 


In 1898 I set up a pair of horizontal pendulums adapted to 
lyechanical registration, in the brick “ earthquake-proof house ” in the 
University compound, Kongo, Tokyo, and a description of the apper 
ratus with a discussion on the observations obtained was given in VoL 
XI of the Jour. Coll.^JSc. Imp. Univ. Tokyo. These observations 
were continued and I have recorded, between July 1898 and Doc. 
1899, 246 earthquakes,* wliich for the sake of convenience are divided" 
according to origins into tlu? following nine groups. 

Group I. — Distant earthquakes. 

(jroup II. — Earthquakes which originated off the eastern 
coast of Hokkaido (Island of Y eso). 

Group III. — Earthquakes which originated off the north- 
eastern coast of Honshiu (Main Island). 

Group IV. — Earthquakes which originated off the coast of 
the provinces of Hitachi and Iwaki. 

Group V. — Earthquakes which originated off the southern 
coast of Honshiu (Main Island). 

Group VI. — Earthquakes which originated in Kiushiu or 
off its eastern coast. 

Group VIL — Earthquakes which originated in central 
Japan. 

^5oii»eliidiiigft few verjniMll IoeiUthocto»wboi»diafiiaMii>wtooi«an to btM OT 
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Group VIII.-r-Local earthquakes : — 

(a) Those observed at several places. 

(b) Thos6 observed in Tokyo and at one other place. 

(c) Those observed only in Tokyo. 

Group IX. — Earthquakes of miscellaneous origins. 

Group I includes large earthquakes which originated at great 
distances from Japan as well as those comparatively small ones whi<jh 
originated under the ocean at such distances from Japan’s eastern 
coast as to be no longer sensible to the ordinary Gray-Milne type 
seismographs at the meteorological observatories in different parts of the 
Empire. The majority of the earthquakes in Groups II to IX origi- 
nated in Japan itself or off its eastern coast and were felt more or less 
intensely at several places. 

In this volume I give the description of some improved forms of 
the horizontal pendulum apparatus, the list of the earthquakes, and 
tables showing the chief elements of motion, together with a fewr 
remarks and discussions, chiefly on the earthquakes of Group I. In 
the next volume, I shall give in detail the analysis of the horizontal 
pendulum diagrams of the 24G earthquakes. 

My horizontal pendulums were recently also set up in the 
Meteorological Observatory of Miyako, the Seismological Observatory 
of Hitotsuboshi (Tokyo), the Imperial University of Kyoto, and the 
Aetronhmical Observatory of Mizusawa. The analysis of the diagrams 
obtained at these places will be published at some future date. Before 
the end of this year, similar apparatus will be set up in the Imperial 
, Oentral Meteorological Observatory (Tokyo), and the Meteorological 
(%aervatoriea of Ishinomaki (in the province of Rikuzen) ; Osaki|^ 
C^ifo ^n the province of Mino) ; Keelung, Taihdcu, Taidiu, Taimm 
dM Koshon (in Formosa) ; Hokoto (Pescadores), etc. 
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On Instruments to be used fob Micbo-Seismic 
Observations. 

To observe earthquakes satisfactorily it is necessary to record the 

If ' 

two fundamental elements of the seismic motion, namely, the pariodj 
and the ammmt or amplitude. Hence the requirements of the instru- 
ments to be used for international observations of earthquakes will be 
three-fold, as follows : — 

Firstly, the rate of motion of the record-receiver must be 
sufficiently rapid to enable us to measure with accuracy t^e 
I)eriods of the different waves of an earthquake. Secondly, the 
so-called steady-point (or stationary mass') of a seismograph must 
be brought so nearly into a state of neutral equilibrium, that 
the period of its free oscillations is sufficiently long to enable us 
to distinguish between the real earthquake movements and the 
motions of the instrument itself. Thirdly, the amount of 
friction between different parts of the instrument must be 
reduced to a minimum. 

If these conditions be fulfilled, the records from the different 
apparatus will be comparable with each other and there is no need to 
eet up instruments of a single pattern in all the stations of the world. 
A very common mistake among seismologists is to put too great a 
•confidence in their instruments and ignore the possibility of the exirt- 
enoe of the proper oscillations of the steady point. Jf this sokiroe <ff 
•error be properly cared for, the interpretation of seismogratiis will 
become considerably simplified. 

Jan. 1901. F. Omobi. 

Sdsmolqgical In sti tute. 




Results of the Horizontal Pendulum Observations 

of Earthquakes, 

July 1898 to Dec. 1899, Tokyo. 

BY 

K. uMonr, 1 ). Sc., 

MEMBER OF THE IMPERIAL EARTHQUAKE IHYESTI6ATI0H COMMITTEE. 


I. Houizontal Pendi i.cmh Rkoihtkuino EaAth Movements 

Mkciianicali.y. 

1. latr uluctim. — 'I’he horizoiitjil pendulums I am here going to 

describe are css<iritiiilly th(! siuuc us those which have been in use at 
the Seisiiiologiail Institute* since with certain improvements 

for rendering their setting up somewhat easier. These machines are 
constructed on the principle of keeping the heavy stationary mass com* 
]Kinitively small and mlucing friction to a minimum, iiy a slight 
modiheation of construction and adjustments, these instruments may 
be used princiiNilly either as seismoyraphs, namely recorders of earth- 
quakes and other similar earth movements, or as tiltometers^ namely 
recorders of changes of level of the ground. 

2. Horizontal pendulum seismograph for standard observatories , — 
My lirst large horizontal pendulums are suspended from the thidc* 
parabolic walls of the brick earthquake-proof house " in the Univer- 
sity compound, w’hich is virtually a stout hollow column and 

^ore may be considered as being safe from disturbances due Co uw 

*Bm til* praaMit MtlMrs psper: Btriaarntm ftmAOtiat*, tie. Smut, CwD. la^^ValtW 
'rahptt.r«LXI..Pt.S. 
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impact of winds. When, however, such a strong structure is 
not available, arrangements similar to what is described next may be 
Adopted. 

' PI. la and PI. Ib give respectively the elevations and mech- 

9 

anical details of the large seismograph recently set up in the “ earth- 
quake-proof house,” the following description applying to each of the 
two exactly similar horizontal pendulums whose planes are mutually 
at right angles. 

The structure from which the horizontal pendulum is hung, 
consists of a strong cast iron stand c 1,2 in. in height, furnished with 
three levelling screws d and fixed by mejins of the two bolts e to the 
top of a solid stone column /, 0,82 m. square and 1,78m high. The 
latter is indented at y so as to bring the jioint of KU])j)ort of the pen- 
dulum nearly vertically below the point of susixoision. 

The pendulum consists of a thin brass cylinder a, filled with lead, 
10 cm. in height, 10 cm. in diameter, and 71 kg. in weight, attached 
in front of its centre of gravity to a tubular iron strut 1>, l,,o cm. in 
diameter and of such a length that the dist4ince lietween its end and 
the axis of the cylinder is 1 m. 

The heavy Iwb a is suspended from the top of the cast-irou stand, 
Cf with two* sufficiently strong iron wires //, whose lower ends are 
attached to a pur of hooks h pivoted to the bob at the ends of its 
central diameter normal t^) the ]x^nduium plane. The length of the 
Wires g can be adjusted by means of a screw i (Fig. 1, PI. la), to 
which they are attached and which passes normally through a closely 
jBtting hole in a steel triangular prism j. The edge of the knife has 
all been cut away except two small portions k, on which the prism 
fOrts in a V-slot I soldered to a thick rectangular brass plate m with. 


* KUowUlg Um bifiUr HMlliod of Piof. O, OntHotUi. 



HORIZONTAL PENDULCM OBSERVATIONS OF EAR'SBqtlAKSS. ‘ 8 

aa inclination equal to the angle between the bifiiar plai]^ and .xtihi 
vertical. The prism has thus no tendency to slide in the Y^slot, the 
point of suspension of the pendulum l)eing determined by .the iah^r- 
section of the line joining the two pirtions of the knife e(%e and the 
axis of the screw t. The fine adjustment in the period of vibration 
of the horizontal jjendulum is effected by moving the plate m forwards 
or backwards by means of a screw o on the basal plate n, which is 
fiked horizontally on the t^op of the cast-iron stand c. Finally the 
two screws /< fixed in the stirruj) </, .jrising from the basal plate, secure 
the plate p to the latter. The V-slot g is properly j)erforated to allow 
the free passage through^ it of the screw i. Rectangular cuttings r 
and s have also l)een made for the .'‘ame purjose in the two plates in 
and /(. 

The strut h (Fig. 1*1. Ih) is furnished at the end with a sharp 
conical steel |M)int of about 50° pivoted in a conical steel socket t of 
about 120'. The azimuthal adjustment of the horizontal pendulum 
is made by means of the two screws u which give a horizontal move- 
ment to the brass plate r, on which the socket t is mounted and which 
fits closely in the brass frame ir. 'I'he latter is fixed to a cast-iron 
plate X, which is in its turn bolted to the vertical face y of the stone 
column. 'I'he verti<al height between the [mint of suspension and that 
of support of the pendulum is 2,G5 m. 

'I'he wrriting pointer (Fig. 3, PI. lb) consists of a small steel axis 
A about mm. in diameter and 4^ cm. in height, to which a' light 
lever BC is rigidly attached. The longer arm B of the lever consists 
of a light ulminium triangular frame, while the shmrter forked am C 
is of brass. The smuU weight D is to be properly adjusted akn^ ^le 
screwed port of the arm C in such a way that the centre cf jpavity 
of the whole pointer ooinsides with the axis d* The latter* pivolnl 
heiweai two small conical steel sockets JE (Fig. 4, PI. lb)* fixed in 
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litveartc^ brass stirrup F, is adjustable along the horLzontal rod G 
, same metal. The latter is fixed in propel azimuth and height 

*iby mieSns of the screw if to a stout steel cylinder 1 rising from the 
^t-iron truncated cone J, which is furnished with three levelling 
•crews K and rests on the ground. 

Between the two limbs of the shorter arm C of the pointer there 
is an exactly fitted, highly polished steel axis L (Figs 2 and 4), 2i mm. 
in diameter and 2^ cm. in height, which forms a prolongation of the 
central line of the heavy bob a and which is pivoted in a stirrup M 
fixed to the upper end of the latter. 

To a small U-shaijed frame of brass N at tlie end of the alminium 
arm of the pointer is hinged an exceedingly light writing index 0 made 
of a thin triangular piece, about 5 mgm in weight, cut from a watch 
spring. The point of the index rests on the record-receiving smoked 
smooth paper wrapjied round the light wo<Klen drum 1*. The effect- 
ive lengths of the two arms of the j)ointer are respectively 300 and 
30 mm, the multiplication being therefore 10. I'he total weight of 
the pointer is 24 gr. 

The wooden drum i', about i kg. in weight, 750 mm. in circum- 
finenoe and 350 min. in length, consists of a thin mantle of wood, 
strengthened by an inner hoop at the middle of its length, the avia 
being a brass tube aliout I cm. in diameter. Further, to prevent the 
defonnation of the mantle, each end is com^xised of a frame of the 
same wood, made up of exactly similar radial pieces. The drum, 
whtdi is turned at the rate of one revolutiuu in an hour by the con- 
tinuous olo(^-work Q regulated by an air governor, has at the same 
time a slow motion of translation in the direction of its axis, one of 
^ external prolongatkins of the lattw being screw-cut. 

The rotation of the drum is recorded by the electric time tideev 



HORIZONTAL PENDULUM OBSERVATIONS OF EABTHQUAKB6. 


6 


12, which is in circuit with a chronometer, one mark being' tOade every 
complete minute of. time. 

Finally, the whole apparatus and the stone column are covered 
with a glass case, to protect against winds. 

It may be noted that in countries much disturbed by earthquakes, 
like Japan, tlie multiplication-ratio of the writing jxjinter should 
generally lie not much greater than 10, ns otherwise the pointer may 
often be thrown off tlie record-receiver. I'lnis, even with the 
multiplication of 10, I have five times ex[jerience<l such a behaviour 
of the writing pointer in the course of the tw'o years 1898-1899, the 
disUinces of the earthquake origins from Tokyo varying lietween 140 
and 1500 km. 

The longest i)erio<l of vibration, at which the |x;ndulum can be 
kept shible is about 3 m. It is however convenient not to make the 
jieriod much longer than 100 s or 2 m, as otherwise the writing 
index of the ^>ointer assumes too wide a range in the diurnal and 
other oscillations, and as also the disj)lacement of the zero {Kisition of 
the p.mdul(un may easily fKicur on the occasion of shar|> local earth- 
quakes. 

The p.Midulum, thougli <lesigne;l principally for the observation 
of earthquakes, is also very sensitive to the cliange of level of the 
ground, 't hus with a f)eriod of 2 m, 1 mm displacement of the 
writing index on the snK)ked {ia{)er would correspond to an angle a 
given by the equation 

T* 

a*— 15 fh 

'PLnmnl” 

=(r,0067 

In the above equation, S is Uie roultiidicatioii-nitio of the pointer, 
L the distance between the centre of the heavy bob and the pointed 
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taA of the Slirut, T the [)eriod of vibration of the horizontal pendulunl, 
and 'To the period when the pendulum is suspended vertically. 

; Stability of the column. The extreme sensitiveness of this hori- 
zontal pendulum to the tilting may be utilized for testing the stability 
of fije stone column on which the cast-iron stand is fixed. Thus the 
, column can, notwithstanding its size, be slightly bent by a lateral 
pressure. For instance a movement of .5 mm of the writing index can 
easily be produced by a hand pressure applied horizontally at the 
upper margin of the column, the jjeriod of vibration of the pendulum 
bding 90 s. Expressed in angular measurement, this displacement 
represents a deviation « from the vertical of the line joining tht? ]>oin1s 
of suspension and of supix)rt, given by the following et^uation 


a = 


n L sin 


p=0",05!. 


Similar movement of the {tendulum can also easily be produced 
.1^ putting a weight on the stone clumn. These exjxjrinients show 
the necessity of precaution about the weight of the olwerver himself in 
delicate astronomical and geodetical measurements. 

3. Portable apparatus, — VI. II illustrates an improved jMrtable 
form of the horizontal pendulum apparatus, figs. 1 and 2 giving the 
front and side elevations. 

The heavy bob of the pendulum is a flat brass cylinder n filled 
'mth lead, 12 cm. in diameter, 5 cm. in height and about 6,4 kg. in 
weight, attached in front of its centre of gravity to a strut h, which 
is an iron rod, 8 mm. in diameter, furnished at the end with 
. it sharp steel conical point of about 70**. 'flie strut is pivoted in a 
steel oonical sodeet e at the base of a strong cast-iron stand d, from 
iprhoae the pendulum bob a is hung bifilarly with sufficiently strong 
SRHi wim s by means of the two hooks f. The stand d, which is 
iH i l l iidied inth three levelling aciews g, is fixed to a stime column by 
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metins of the two bolts h. The vertical height of the poi^ of saspea- 
sion above that of support is 75 cm. and the horizontal distance be- 
tween t*he latter and the axis of the heavy cylinder also 75 cm. The 
maximum length of the period of vibration at which the pendulum 
can be kept stable is about 1 m. 

The pendulum is furnished with a light writing pointer which 
multiplies 10 times the horizontal motion of the ground, and whose 
construction is similar to those employed in my first apparatus. 'The 
pointer-holder and the record -remver are exactly the same as those 
for the larger apjKirutus descrive<l in § 2. (The time-ticker is not 
8ht)wn in the figures.) 

Fig. 3, PI. II, illustrate.s the mechanism at the top of the cast- 
iron stand, by meiins of which the necessary adjustments can be mode. 
'I'he strut h is adjusted to a nearly horizontal position by means of a 
screw i, to which the susjKUision wires are attached, and which passes 
normally through a closely fitting hole in a steel triangular prism jf. 
The edge of the knife has all been cut away except two small portions 
k, on which the prism rests in a V-slot /, in the inclined hypothenuse 
face of an isos<x:les right-aijgular iron prism w, soldered to a large 
square screw n. The latter iMisses through two ttlosely fitting stirrups 
0 , attached to a thick brass plate />, and the azimuthal {)osition of the 
heavy cylinder a am be adjusted by upprojariate movements trf the 
screw n by means of the two nuts </. For properly adjusting the period 
of vibration of the horizontal ])enduluw, the whole system is, in its turn, 
made to move forward and backward on the basal plate r by means of 
a screw s. Finally, the two screws t, fixed in the stirrup m rising 
frcHu the basal plate, secure the plate p to the lotter. . * 

The right-angled prism rs is so porfimited as to allow tiie 
pBseage through it of the screw i. Rectangular cuttings e and tt have 
also lor the same purpose been made in the two plates p and r. The 
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to ‘the top of the cast-iron stand d with such un angle 
bU>n that the suspension wires are at right angles to the 

4. Small multiplication apparatus. — PI. Ill illustrates a simpler 
of the portable horizontal pendulum apparatus. The cast-iron 
the record -receiver and the heavy bob of the pendulum are 

- '!• 

^exactly similar to those of the instrument descrilied in § 3. The 
differences are :-l) the distance Ijetween the jwint of the strut h an(i 
the centre of the bob a is only 12 cm.; 2) the small writing index d is 
hinged to the end of a light pointer c, which forms the i^rolongatiou 
of the strut and which is attached to a triangular frame of the same 


metal.* The distance between the index <1 and the centre of the l)ob 
a is 48 cm., the horizontal motion of the ground in direction normal 
to the |)endulum plane being thus multiplied o times. 

The advantage of this form of the horizontal ])endulum is that 
there is no friction lietween its different jiJirts excvpt between the 
writing index d and the reconl-receiving smoked j)a|)er ; the weight 
of the index can, however, l)e made as small as mgm. or even less, 
thus reducing the friction to a minimum. The disadvantage is that 
the period of free oscillations of the {xtndulum can not be made so gresit 
as in the ap|mratus with a longer strut. The {leriod, however, cun lx* 
raised to 30 or 35 s. The multiplication ratio, if desired, can be raised 
to8 <ir 10. This tyjie of instrument is easy to luindle and therefore 
to be recommended for use in sul>ordinute olstervutories. 

5. Tm eomptmenis apparatus . — Even with the uxxlerate multi- 
|dioBtion-nitio of 10, the motion of the ground is sometimes so power- 
ftd as tt> cause tlte writittg index t<» run off the reconl-receiver. Hence 
it is detumblc for the sake of comideteness to have separate recording 


^Tlilt form It t— mlltlly tiaillir to lli# borltnoltl pttdiiltti uppMstltt of Prof. G. 
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apparatus for the two lumzontai pendulums in the EW and 
directions. A great amount of labour, however, can be saved by 
causing the two horizontal pendulums to write on one aiid the' same 
record-receiver. 

i-. 

For this purpose, one of the pendulums is to be constructed in 
the ordinary way (§3), while the other pendulum ought to have thft 
shorter arm of the pointer bent at right angles to ats longer arm. ■ 

f 

II. Hohizontai. Pendulum Observations of Earthquakse^ - 
July 1898 to Dec. 1899, Bongo, Tokyo. 

(). Ntunher of earthqnaJces observed . — As stated in Preiuoe, '246 
earthquakes were observed during 1^ years between July 1898 and 
Dec. 1899. These are numljercd 1 to 246 in order of date, their di|h 
tribution into the groups being as follows : — ^ 


G 


.ir< 


I 

95 earthquakes 

TI 

10 


III 

42 


IV 

21 


V 

3 


VI 

6 


VII 

5 


VIII a 

38 


VIII b 

ivQ 

11 

VIII c 

IX 

•. 4 > ' *• 

11 



7. The Mslrttflwiit«.-^A11 the observations, «ii|| 
ed, were made in the “ earthquake-proof house 
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niHMiii bgr atffbs of tiie homontaJ pendulum apparatus* A and 

specification. 

j B flria ontal pendulum A ; EW component apparatus, atHongo: — 

Periodf of free oHci]lation=28 s. 

Multiplication of the pointers KX 
Weight of the heavy cylinder =14 kg. 

Length . of the horizontal strut, or the distance between the 
centre of the heavy cyUu<1er and the point of 8upport= 1 m. 
Vertical distance between the points of support and of suspen* 
sion=2,5 m. 

Horizontal pendulum 11 ; NS comptment apimratus, at Hongo: — 

Period of free oscillation = 17 s. 

Multiplication of the pointer =K, 2. 

In otiier respects B is exactly similar to A. 

In the three cases of eqkes Nos. 284,2.?G and 237, where the 
records firom the apparatus A were not satisfactory I have substituted 
those from the newl^ constructed long-period horizontal pendulum C, 
also set op in the “ earthquake-proof hoiise,” (descrilsjd in § 2), of Ihe 
following specification. 

Horizontal pendulum C ; EW omqsment iippanitus, at Hongo: — 

Period of free oscillation = 120 s. I 
Malkiptication of the pointers 10. 

Wmght of the heavy cylinders?^ kg. 

Length of Uie boriaoiital struts 1 ni. 

Vertical distanoo between the points of support and of suspen- 
sion as 8,l^in. 

v — ^ — ' ' — — — — 

,* PswrituSta V«|. U «# llwiimr. ColL So. topk Uaiv. Tokro. 
t Ite 1«m fvrM Is awd la Ow MM* Om jprrM. 

f laJalf ttMia.iaays«M««a«asaa»AtoSa^«. 
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In the discussions on the nature of the sei«Sii<^ mospcsi^ts p i^ 
seeding frorh dishint origins and of the nonHwiibalic(j^^ricro^|nl«a>' 
bions of the ground, called pulsatorif <miUatwn»^ 1 havB^reSer^l^^ 

S3 and 31,, to the diagrams obtained from the horiaontal pea^ulum 
D at Hitotsubashi, which is exsictly of the form de6<a'9)ed in f^4 and 
lias the following specification. n 

Horizontal [)endnlum D ; EW component apparatus, at Hi|otsn> 
l>ashi: — 

Period of free oscillation =29,7 s. 

Multiplication of the pointer=8,4. 

Weight of tlie heavy cylinder =6,4 kg. 

Length of the horizontal Btrut=75 om. 

'Vertical distance between the points of support and of 8UspSD> 
8ion=75 cm. 


8. The character of the earthqmke motion . — Broadly speaking, the 
motion of an earthquake may be divided more or less definitely into 
three successive stages : — the preliminanj tremor, the principal portion 
and the end, portion, defined as follows. 

I'he preliminanj tremor of an earthquake consists essenti- 
ally of vibrations of small amplitude and of very short, 
or companitively short, |)eriod. 

'fhe principal portion denotes the most active part of 
an earthquake, which follows the preliminary toemor and 
which consists of movements of larger amplitude. 

The end portion denotes the feeble finishing part of on 
earthquake, which follows the principal portion. 

Ill cases of large earthquakes prooeedinj^ from distant orignis, the 
preliminary tremor and the iirincipol poi^n mii^^^ch be farther 
subdivided as follows. 

The prtUuiinarp tremor is inad4^ipr||o distM 
tions, whidr may be termed respectivdy tS Isf mF^k p /mepjjf ' 
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ani^ the 2nd prdminary tr^fmor . — The Ist preliminary 
tFKQor denotes the earlier portion, and the 2nd preliminary 
tremor, the later portion of the preliminary tremor ; the be- 
ginning of the latter being distinguished by a well marked in- 
crease of the am[)]itude and, in many cases, also by the ap- 
pearance of slow undulations. In each of the two preliminary 
tremors, the period remains on the whole constant, the am- 
plitude also remains generally constant or, as often happens, 
rather grejvter at the commencement than »towurds the end. 

The principal portion is made up essentially of three 
successive parts, which may l)e termed res[)ectively the initial 
phane, the slow-period phase atid the quick-period phase . — The 
initial phase denotes the introductory jmrt of the ])rincipal 
l)ortioii, which consists of a few slow undulations. The slow- 
period phase follows the initial ])huse and consists of a 
number of slow undulations. These two phases are dis- 
tinguished Irom one another by the difFerenct; of amplitude 
and period, fhe quick-period phase rn^Mirs tow’ards the end 
of the principal jxjrtion and consisis of com|jaratively quick 
waves. The pericsl remains coiistjint in ea<’h of the two 
last phases. 

In distant eiirtliquitkes the jieriod remains essentially constant 
tlooiighont the end portion. With earthquakes of ne:ir origins it may 
■ometitnes be different, since there exist, in these cases, various kinds 
4ff waves, some of which may gradually disappear towiirds the end. 

The successive different stages of the earthquake motion are 
fflUrtmted dugramaticidly in the accomiianying figure. 
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a Beginning of the eqke. 

ac Preliminary tremor. 

ab 1st preliminary tremor. 

be 2nd „ ,, 


edg Principal poi-tion. 


cd,.... 

....Initial phase. 


....Slow-period pbase, 


....Quick-period phase. 


d«e End portion. 


J). The aualjists of (he seismograms . — I have analyzed each of the 
diagrams of the 246 earthquakes on the supposition that the waves 
recorded are horizontal inoreinents and not tiltings of the ground* ; that 
is, the range of motion or double amplitude, denoted by 2a, was in 
each case deduced by dividing the actual trace on the seismogram by 
the multiplication ratio of the jwinter of the instrument. If the 
reader wants to consider the movements as due to the tiltidg, he can 
at once obtain the magnitude of the recorded trace by multiplying the 
results I give by the multiplication ratio of the jx)inter. 

10. Tables . — 1 shall ijow give 'fables embodying the chief 
results obtained from the measurements of the 246 earthquakes. 

'fable I gives the list of the eartlujunkes. 

'i ables II, III, IV, VI, VII, Vllf, IX and X give, respective- 
ly for the earthquakes of the Groups I, II, III, IV, V, VI, VII, 
VIII and IX, some or all of the following elements of motion. — 

Date and time of occurrenw? ; 

'fotal duration ; 

Durations of the 1st and 2nd preliminary tremors and of the 
{mneipai pention ; 


8m If ai-z?. 
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of wasrea in the let and 2nd preliminary 
trmnora, the prindpal portion and the end portion ; 

Haximum range of motion^ or double amplitude, in the Ist 
and 2nd preliminary tremors and the principal portion. 

With respect to the Ist and 2nd preliminary tremors, I have given 
iBIXkKately the average period for the two series of the slower and the 
quicker waves, which exist one superposed upon the other. 

f 

Table II. is divided into two portions [A] and [B]; [A] including 
those earthquakes whose durations varied betw'een f h and 4hs, and 
[B] the rest of the Group I. 

1 1. Terminology . — I use the terms tvaves, vibraliotis and undulations 
all in the same sense of periodic movements, with this distinction : 
vibrations denote waves with quicker period, while nndnlations denote 
those with slower |)eriod. 
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TABLE I. — List of 246 Earthquakes Observed at Hongo, 
Tokyo, July 1898 to Dec. 1899, with Oatori's, 
Horizontal Pendulum Apparatus. 


No. 

Group. 

1 

Date. 

Time of 


Total 







It 

m 

t 


b 

IK 

V 

n 

1 

VIII a 

July 14tli 1898. I 

7. 

8. 

59 

p. ID. 

0. 

2. 

90 

2 

I 

>1 

15tb 

If 

2. 

6. 

14 

a. m. 

1. 

4. 

i 0 

* 8 


If 


If 

6. 

10. 

22 

a. ra. 

0. 

6. 

0 

4 


jj 

20th 

I» 

6. 

4(k 

14 

)). 11). 

0. 

14. 

jO 

5 

IX 

19 

25th 

fi 

6. 

18. 

2 

a. in. 

0. 

80. 

0 

(5 


n 

If 

If .j. 

j* 

6. 

87. 

57 

a. in. 

0. 

0. 

41 

7 

■Slim 

If 

If 

>f 

0. 

17. 

4 

p. m. 

0. 

11. 

0 

8 

VIII a 

f f 

27th 

>f 

2. 

85. 

2 

a. m. 

0. 

10. 

0 

9 

VII 

Aug. 

1 Ht 


2. 

12. 

21 

p. m. 

0. 

6. 

0 

10 

VIII a 

>) 

7tli 

11 

11. 

2. 

66 

p. tn. 

0. 

8. 

0 

11 

I 

If 

8tli 

1' 

4. 

57. 

85 

p. XX). 

1. 

20. 

0 . 

12 

VI 

f } 

10 th 

If 

10. 

0. 

60 

p.m. 

0. 

9. 

80 , 

18 

VIII a 

»» 

11th 

f 1 

6. 

40. 

87 

p. m. 


(?) 


14 

VI 


12th 


8. 

88. 

42 

a. ID. 

0. 

80. 

0 

15 

VIII c 

>f 

17th 


1 4. 

20. 

60 

p. ID. 

0. 

1. 

0 

16 

III 

f 1 

2l8t 

» J 

0. 

8. 

22 

li. in. 

0. 

45. 

0 

17 

III 

»» 

f f 

I* 

1. 

28. 

44 

a. ID. 

0. 

16. 

0 

18 

IV 


22iia 

9/ 

11. 

81. 

58 

p. ID. 

0. 

6. 

20 

Itf 

III 


28rd 

|i 

8. 

6. 

17 

a. in. 

0. 

6. 

0 

20 

IV 

f ' 

f f 

If 

11. 

42. 

58 

a. 111. 

0. 

8. 

24 

21 

IV 

If 

II 

If 

11. 

47. 

17 

a. ui. 

0. 

8. 

0 

22 

I 

Bept. 

l8t 

»» 

f». 

0. 

57 

a. in. 

1. 

46. 

0 

28 

I 

tf 

f 1 

If 

6. 

2. 

17 

p. in. 

0. 

60. 

0 

24 

I 

ff 

4tli 

»i 

0. 

26. 

68 

a. ni. 

0. 

86. 

0 

25 

Villa 

i 

If 

f 1 

If 

8. 

58. 

21 

p. tn. 

0. 

1. 

46 

26 

1 

Villa 

99 

Ath 

ff 

4. 

47. 

86 

p.XD. 

n 

1. 

80 

27 

Villa 

•1 

7th 

If 

1. 

6. 

88 

p. m. 

mm 

0. 

48 

St 

VUIb j 

91 

11th 

•f 

10. 

8. 

82 

p. m. 

mm 

1. 

7 

St 

I 1 

91 

14Ui 

• 1 

8. 

2. 

10 

a. m. 

n 

wm 


80 

HI 

1 

1 

»9 

16tb 

»9 

7. 

18. 

87 


UL 

8. 

9 


TIm CiflMi k ia the Ticat Xorami JmpAU TioM, luunvljr 
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m 


w 
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Date. 


Time of occanreiioe. 

Total dntaticm. 

■■■Kl 








* 









h 

m 

6 


)l 

Ill 

R 

.M 


Sept. 16tli 1698 

4. 

48. 

82 

a. 111 . 

0. 

17. 

0 



»> 

11 

It 

H. 

82. 

40 

a. ni. 

0. 

12. 

u 

88 ^ 


>1 

22nd 

II 

9. 

26. 

11 

p. lU. 

3. 

0. 

0 

84 

II 

»> 

24th 

>1 

9. 

14. 

42 

a. in. 


(?) 


86 

I 

}f 

26Ui 

II 

U. 

22. 

46 

p. ID. 

0. 

80. 

0 

86 

III 


P 

26tli 

>> 

10. 

27. 

44 

a. 111 . 

0. 

12. 

1 

0 

87 

IV 

>1 

27th 

II 

10. 

19. 

62 

a. 111 . 

0. 

16. 

0 

86 

villa 

»» 

28th 

II 

1. 

40. 

40 

a. ID. 

0. 

.10. 

0 

88 

IV 

») 

1) 

11 

7. 

68. 

40 

a. 111 . 

0. 

9. 

0 

40 

I 

Oct. 

let 

11 

1. 

29. 

12 

a. ID. 

0. 

4. 

0 

41 

Villa 

It 

6th 

II 

4. 

62. 

22 

• 

a. ID. 

0. 

1. 

16 

48 

11 

it 

7th 

II 

11. 

1. 

86 

a. ID. 

0. 

37. 

0 

48 

I 

tt 

lOUi 

II 

7. 

85. 

89 

a. 111. 

0. 

48. 

0 

44 

I 

If 

12Ui 

II 

1. 

46. 

88 

a. 111. 

2, 

80. 

0 

46 

I 

>f 

lUtii 

n 

4. 

27. 

48 

a. ID. 

0. 

.89. 

0 

46 

Villa 

II 

20th 

11 

8. 

16. 

46 

p. 111 . 

0. 

1. 

14 

47 

I 

tt 

22nd 

♦ 1 

9. 

2. 

42 

a. 111. 1 

1. 

7. 

0 

46 

I 

II 

II 

ji 

10. 

SS. 

68 

p. ID. 

0. 

20. 

0 

48 1 

Villa 

II 

26tli 

II 

10. 

80. 

14 

a. ni. 

0. 

2. 

44 

60 

I 

Nov. 2iul 

II 

8. 

48. 

16 

p. 111. 

0. 

1 

i 

17. 

0 

61 

I 

II 

6Ut 

11 

8. 

48. 

46 

p. Hi. 

1 

» 

0. 

15. 

0 


VUIo 

11 

6Ui 

i» 

9. 

0. 

60 

a. 111 . 

0. 

16. 

0 

88 

111 

11 

7Ui 

II 

2. 

66. 

47 

a. ID. 

0. 

18. 

0 

84 

Villa 

II 

l2Ui 

It 

2. 

42. 

40 

a. in. 

0. 

2. 

0 

88 

Villa 

II 

II 

fi 

9. 

42. 

25 

a. in. 

0. 

12. 

0 


VII 

t» 

18th 

II 

11. 

88. 

8 

a. lu. 

1 

0. 

18. 

0 


I 


14Ui 

II 

4. 

6. 

28 

p. 111. 

0. 

40. 


•i 

1 

II 

17Ui 

1* 

9. 

64. 

68 

p.ui. 

2. 

80. 

0 

86 

VUIa 


OOUi 

It 

8. 

49. 

4 

a. m. 

0. 

1. 

80 

60 

VUlb 

>• 

Slat 

»t 

9. 

6. 

68 

a. in. 


t?) 
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Time of 

ooourreaoe. 

h 

in 

9 


8. 

20. 

8 

p. m. 

7. 

2. 

84 

a. ID. 

10. 

56. 

10 

p. m. 

7. 

81. 

18 

a. m. 

0. 

58. 

58 

p. ID. 

1. 

45. 

82 

8. m. 

0. 

47. 

58 

a. ID. 

9. 

12. 

50 

a. m. 

8. 

89. 

22 

p.m. 

♦ 1. 

84. 

48 

a. ID. 

i 

8. 

27. 

15 

p. m. 

0. 

0. 

15 

p.ZD. 

0. 

46. 

56 

a* ID. 

4. 

48. 

42 

p.DQ. 

4. 

12. 


a. Di. 

11. 

28. 

49 

p.DQ. 

1. 

49. 

45 

a. m. 1 

9. 

1. 

8 

a. ZD. j 

1. 

11. 

21 

a. ID. 

11, 

80. 

42 

a. ID. 

8. 

4. 

8 

a. ID. 

11. 

9. 

57 

a. ZD. 

2. 

55. 

88 

p. ID. 

10. 

47. 

82 

p.m 

1. 

84. 

55 

a. ZD. 

2. 

52. 

48 

p. m. 

4. 

7. 

54 

a. m. 

4. 

52. 

8 

p. m. 

4. 

29. 

49 

a.m. 

7. 

87. 

58 

a. ID* 


Tifad 

■'h 

1. 

ti 

t • 
10 

0. 

, 2. 

in 

0 

0. 

17. 

.0 

0. 

88. 

0 

0. 

19. 

0 

0. 

8. 

0 

0. 

10. 

0 

1. 

18. 

0 

0. 

19. 

0 

0. 

1. 

10 

0. 

1. 

10 

0. 

8. 

0 

0. 

0. 

42 

0. 

8. 

0 

0. 

18. 

0 

0. 

2. 

80 

0. 

0. 

50 

0. 

2. 

85 

0. 

U. 

80 

1 

0. 

18. 

0 

0. 

27. 

0 

0. 

0. 

40 

0. 

7. 

80 

0. 

54. 

0 

0. 

26. 

0 

0. 

8. 

0 

0. 

A 

27. 

in 

K 

0 

A 
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Date. 


Time of oooarrenoe. 

Total duration. 





h 

m 

8 


ll 

m 

A 


Vine 

Feb. 2l8t 1899 

1. 

11. 

6 

a. m. 


(?) 


j»2 

IV 

„ 22ud 

It 

8. 

2. 

18 

a. m. 

0. 

16. 

0 

4>r 

I 

„ 28tli 

11 

11. 

48. 

66 

a. m. 

1. 

80. 

0 

94 

III 

tf if 

»» 

11. 

16. 

0 

p. m. 

0. 

6. 

0 

96 

I 

March 8rd 

ft 

9. 

60. 

2 

a. m. 

0. 

20. 

0 

<96 

VIII R 

9 

„ 0th 

t> 

8. 

11. 

40 

p.m. 

0. 

6. 

» 

0 

97 

I 

n »» 

It 

11. 

86. 

8 

p. m. 

0. 

26. 

0 

98 

I 

„ 7Ui 

ti 

4. 

89. 

60 

a. m. 

1. 

0. 

0 

99 

V 

11 ,11 

It 

9. 

56. 

29 

a. m. 

1. 

80. 

0 

100 

V 

ij i» 

tt 

8. 

42. 

60 

p.m. 

0. 

9. 

0 

101 

VIII c 

„ 18th 

It 

10. 

61. 

58 

p. m. 

0. 

0. 

80 

102 

I 

16th 

11 

6. 

9. 

14 

U. ID. 

0. 

21. 

0 

108 

m 

leth 

ff 

4. 

49. 

14 

a. in. 

0. 

27. 

0 

104 

VIII R 

*1 ff 

tt 

8. 

54. 


p. ID. 


(?) 


105 

III 

„ 20th 

11 

8. 

25. 

47 

a. 111 . 

0. 

21. 

0 

106 

III 

«i »y 

ti 

4. 

12. 

29. 

p.m. 

0. 

16. 

0 

107 

i 

2lBt 

11 

11. 

86. 

44. 

p. III. 

0. 

44. 

0 

108 

III 

„ 22nd 

It 

7. 

22. 

86. 

p. m. 

0. 

28. 

0 

109 

IV 

fl »> 

11 

8. 

22. 

2. 

p. m. 

0. 

6. 

0 

110 

I 

„ 28rd 

11 

8. 

80. 

69. 

p. ID. 

0. 

28. 

0 

111 

I 

11 >1 

i» 

9. 

28. 

14 

p. m. 

0. 

28. 

0 

112 

VI 

24th 

ti 

1. 

2. 

85 

p. ID. 

1. 

9. 

0 

118 

I 

*1 »♦ 

t* 

0. 

29. 

6 

a. ID. 



- 

114 

vm* 

11 It 

11 

0. 

89. 

40 

p. ID. 

0. 

4. 

80 

115 

IV 

.. 86Ui 

It 

0. 

40. 

45 

a. m. 

0. 

16. 

0 

116 

VUlo 

29th 

«• 

11. 

42. 

14 

p. ID. 

0. 

8. 

80 

117 

vuu 

2nd 

II 

11. 

1. 

7 

p. ID. 

0. 

6. 

80 

118 

vuu 

.. SUi 

It 

1. 

0. 

68 

p. ID. 

0. 

9. 

0 

119 

V 

8lh 

II 

8. 

80. 

22 

a. ID. 

0. 

19. 

0 

HO 

Ul 

.. 9Ui 

If 

5. 

42. 

22 

p. ED. 

0. 

18. 

0 
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No. 

Gronp. 

Date. 

Time of 

ocourrenoeat 

1 

vrab 




b 

m 

1 


ESI 

April 11th 

1899 

10. 

6. 

46 

a. m. 

E^ 

m 

n 

18th 

99 

4. 

29. 

67 

a«XD. 

til 

IV 

f) 

16th 

99 

0. 

40. 

26 

a, XD. 

124 

Villa 

)i 

99 

99 

7. 

26. 

80 

p. CD. 

126 

III 

j) 

16tii 

99 

2. 

27. 

.28 

p. 113. 

• 

126 

1 

I 

•») 

99 

9> 

11. 

1. 

84 

p. m. 

127 

I 

99 

17lh 

99 

10. 

46. 

60 

a. m. 

128 

III 

n 

19th 

1 

99 

8. 

18. 

6 

p. m. 

129 

VIII b 

If 

20th 

99 

6. 

0. 

81 

p.iu. 

180 

I 

)} 

28rd 

99 

0. 

16. 

2 

a. ID. 

181 

villa 

9) 

24th 

99 

6. 

86. 

69 

a. 111 . 

182 

Villa 

May 

2nd 

1 

99 

1. 

2. 

22 

a. m. 

188 

I 

99 

99 

99 1 

11. 

86. 

47 

p. m. 

184 

Villa 

99 

4th 

99 

10. 

27. 

28 

a. m. 

186 

Villa 

99 

6th 

99 

2. 

8. 

84 

p. ID. 

186 

II 

99 

6Ui 

99 

0. 

28. 

64 

p. m. 

187 

VlUb 

99 

11th 

99 

6. 

69. 

12 

a. m. 

188 

I 

99 

14th 

99 

10. 

66. 

81 

p. m. 

189 

I 

99 

16Ui 

99 

9. 

67. 

68 

p.m. 

140 

I 

1 

99 

18th 

99 

4. 

1. 

46 

a. ID. 

141 

I 

99 

26th 

99 

11. 

88. 

28 

p. 111. 

142 

II 

Jane 

6th 

99 

8. 

46. 

82 

a. m. 

148 

I 

99 

99 

99 

1. 

87. 

48 

p. m. 

144 

VIII b 

i 99 

lOUl 

99 

10. 

86. 

66 

p.m. 

146 

I 

1 >9 

99 

99 

8. 

86. 

20 

p.m. 

146 

I 

99 

18th 

99 

4. 

81. 

18 

a. m. 

147 

1 

ff 

14th 

99 

8. 

27. 

46 

p. m. 

148 

lU 

99 

16th 

99 

8. 

49. 

41 

p. m. 

149 

I 

99 

16th 

99 

2. 

49. 

10 

p. m. 

160 

lU 

99 

1 

1 

17tb 

99 

10. 

9. 

86 

a.iku 


Total attmlkn* 


h m' 

0 . 1 . =0 
0 . 2 . 80 
0 . 7J- 0 

0 . 88 . 0 

0. 17. 0 


1 . 6 . 0 

1. 67. 0 

0. 2. 80 

0. 0. 60 

0 . 8 . 0 


0 . 5 . 0 

0 . 6 . 0 

1 . 0 . 0 

0 . 1 . 0 

0 . 2 . 0 


1 . 20 . 0 

0 . 6 . 0 

0. 24. 0 

0. 87. 0 

0. 80. 0 


0. 18. 0 

0. 26. 0 

2 . 0 . 0 
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WSA 

Chmip. 

Date. 

Time of oocorrenoe. 

Totel duration. 






h 

m 

8 


h 

m 

9 

Ul 

ni 

June 18th 1898 

1. 

62. 

27 

p. m. 

0. 

24. 

0 

m 

I 


19th 

II 

9. 

2. 

22 

p. m. 

0. 

81. 

0 

168 

I 


24tU 

II 

11. 

46. 

8 

a. m. 

0. 

16. 

0 

164 

1 

II 

26th 

II 

1. 

12. 

26 

a. m. 

0. 

88. 

0 

166 

1 

II 

If 

II 

2. 

25. 

42 

a. m, 

0. 

86. 

0 

166 

I 

July 

V 

4th 

II 

0. 

44. 

11 

a. m. 

0. 

24. 

V 

0 

167 

vnia 

II 

7th 

♦ I 

6. 

12. 

49 

a. m. 

0. 

6. 

0 

168 

vine 

II 

II 

II 

6. 

82. 

16 

a. m. 

0. 

1. 

0 

169 

villa 

II 

II 

II 

6. 

68. 

17 

a. m. 

0. 

8. 

0 

160 

11 

II 

11th 

II 

7. 

16. 

44 

a. m. 

0. 

26. 

0 

161 

u 

11 

II 

II 

4. 

40. 

7 

p. m. 

1. 

20. 

0 

162 

1 

II 

12th 

II 

11. 

60. 

20 

p. m. 

1. 

25. 

0 

168 

I 

If 

14th 

ii 

9. 

0. 

8 

p. in. 

8. 

0. 

0 

164 

II 

II 

II 

II 

11. 

21. 

0 

a. in. 

1. 

87. 

0 

166 

I 

II 

II 

il 

1. 

69. 

28 

p. in. 

2. 

2. 

0 

166 

I 

11 

II 

If 

7. 

48. 

2 

p. in. 

0. 

29. 

0 

167 

III 

»i 

18th 

II 

1. 

69. 

0 

a. ni. 

0. 

20. 

0 

168 

I 

If 

2lHt 

ft 

7. 

26. 

66 

a. in. 

0. 

18. 

0 

169 

I 

II 

24tli 

It 

10. 

28. 

88 

a. in. 

1. 

45. 

0 

170 

villa 

1 1 

27th 

It 

2. 

1. 

6 

p. in. 

0. 

8. 

0 

171 

I 

II 

20th 


«. 

28. 

18 

a. in. 

0. 

20. 

0 

178 

1 

11 

8UUi 

• 1 

4. 
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TABLE III.— Eaethq^kes which obiginatbd off the eastern 
COAST < p Hokkaido. (Group II). 
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TABLE IV. — (Group III). Cont. 



















TABLE V.— Eahthqijakes which oeiginated ofj? the coasts 

OP THE PROVINCES OF HiTACHI AND IWAKI. 

(Group IV). 

















TABLE VI.— Earthquakes which obiqihatjsd oi^TOa«OT7THBBK coast op Honshiu. (Group V). 



TABLE X.— Earthquakbs of miscbixanbous origins. (Group IX). 





















TABLE IX — ^Local Eabthquakbs., <Qboot VIII). 


[IX a] Loal earthquakes observed at several 
places. (Snb-group YIII a). 


No. 

Date. 

Time 

of 

occurrence. 

Duration of 

1 AveniM 

1 period 

Maaceriaae, 
of { 

Total 

eqke. 

P. T. 

P. P. 

p. p. 

E. P. 

motioii. 

<BW) <ll|> 

1 

July 

14, 1898 

h m 8 

7. 8.69 p.m. 

m 8 
2.80 

m i 

0. 8 

m 

0.20 

• 



7 

8 


26, „ 
27, „ 

0.17. 4 p.m. 
2.86. 2 a.m. 

11. 0 

10. 0 

0.11 

0.17 

0.67 

1,2 
112,0 
( 2A 

[1,8 

14,9 

8,4 

iilil 

10 

Aug. 

7, „ 

11. 2.56 p.m. 

8. 0 


0.26 

1,4 

1,2 


18 


11, 

6.40.87 p.m. 

— 

— 

■ 

— 

— 

— 

26 

Sept. 

4, „ 

8.58.21 p.m. 

1.46 

0. 4 

1 




26 

If 

6, ,. 

4.47.86 p.m. 

1.80 



0,8 

— 

0,18 0,06 ' 

27 

}1 

7, ,. 

6.88 p.m. 

0.48 

— 



, 



88 

n 

28, „ 

1.40.49 a.m. 



1.27 

[0,68 

12,0 

[2,8 

(4,6 

0,9 1,1 

41 

Oct. 

6, „ 

4.62.22 a.m. 

1.16 




16,0 

small ’ 

46 

tf 

20, „ 

S.16.46 p.m. 

1.14 


0.16 

0,49 

0,6 

0,02.]^ 

49 

11 

26, „ 

10.80.14 a.m. 

2.44 


— 

— 

— 

0,07 O,0i 

64 

Nov 

12, „ 

2.42.40 a.m. 

2. 0 


0.19 

1,1 

1.6 

0,14 o;t$ 

66 


11 11 

9.42.26 a.m. 

12. 0 


0.84 

2,8 

[2,8 

(7,0 

- o,ii 

69 

11 

20, „ 

8.42. 4 a.m. 

1.80 

0. 6 

0. 7 

— 

1.0 

0,10 0,07 

62 

11 

28, „ 

7. 2.84 a.m. 

2.10 


0.80 

— 

[M 

(4,8 

- a,i 

67 

Dec. 

6, „ 

0.47.68 a.m. 

8. 0 


0.26 

_ 


78 

It 

26, „ 

0.46.66 a.m. 

8. 0 


0.86 

— 


77 

Jan. 

1, 1899 

1.49.46 a.m. 

2.80 


0.20 

_ 

— 


80 

11 

14, „ 

11.80.42 a m. 

0.80 




““ 

0.1 0,ii 

88 

t 

>% 

28. .. 

2.66 89 p.m. 

0.40 





■a 

96 

104 

Ifardi 

ft 

6. 

16. .. 

8.11.40 p.m. 
8.64. p.m. 

6. 0 
? 

0.11 

— 

1,1 

M 


114 

ft 

H „ 

6.88.40 pjBB. 

4J0 


— 

M 



117 

April 


11. 1. 7 pi.lii. 

6.80 

0. 6 

0. 9 
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Ho. 




Time 

of 

Duration of 

Average 

period 

Max. range 
of 

inm. 








motion* 


i- 



occiirrenoe. 

Tocaj 

eqke 

P. T. 

P. P. 

p. p. 

E. P. 

(EW) (NS) 


■ 



h tn % 

m 

. 

m 8 

m 9 

18,1 

t2,2 

8 

mm mm 


Aptfi 

6, 1009 

1. 0.58 p.m. 

0. 



1.88 

— 

— — 


n 

16. 

)» 

7.25.80 p.m. 

88. 


0.18 

8 

7.80 

16,6 

l2,9 

17,8 

(8,9 

1,7 1,6 

il 

ft,'* ' 


24, 

n 

6.86.59 a.m. 

6. 


f lot ?.T.3,9 
l2ndP.T.6,7 

0.40 

— 

1.4 

18,7 

h,9 


m 

May 

2, 

It 

1. 2.22 a.in. 

6. 



0.14 

— 


194 

r» 

4. 

II 

10.27.28 a.m. 

1. 


0. 6 

— 

— 


Hill 

181 

ft 

«, 

M 

2. 8.84 p.m. 

2. 

0 

0. 6 

0.20 

1 

1,2 ‘ 


187 

July 

7. 

II 

5.12.40 a.m. 

m 

□ 

0. 9 

0.20 

— 

2,2 


188 

f) 

»» 

n 

6.82.16 a.m. 

1. 

0 

0. 4 

— 

— 

— 


188 

ft 

»» 

II 

6.58.17 a.m. 

1 

8. 


f mt P.T.8,0 
l2nilP.T.7.6 

— 

— 

— 

EB9| 

m 

»l 

27, 

II 

2. 1. 5 p.m. 

8. 


0. 9 


" 


IHjll 

179 

Aug. 

7, 

II 

6.11.22 p.m. 

6. 

0 

0. 7 




0,22 0,2 

180 

fl 

8. 

ti 

9.58.41 p.m. 

6. 

0 

0. 9 

0.20 

— 

— 

0,16 0,06 

19S 

8epL 

8, 

II 

10. 7.64 p.m. 


0 

0. 9 

■lilt] 

— 

— 

0,12 0,07 

914 

Out. 

10. 

|i 

0.17.54 a.ra. 

0, 

0 



— 

1,8 

0,22 0,16 


[IX b] Local earthquakes obBci'vcd in Tokyo and 
at one oilier place. (Subgroup VIll b). 



Bapt 

11, 

1898 

h m • 

10. 8.82 

p . m . 

m 8 

1. 7 

m n 
0.16 

m ■ 

H 

8 

mm mm 

0,08 0,08 


Hot. 

M, 

II 

9. 5.68 

A.m. 



— 

H 

— 

very small 

11 

Oio. 

1», 

tl 

U. 0.15 

p . m . 

1.10 


0.14 

0,68 

— 

0,08 0,04 

n 

Jaa. 

8. 

1899 

1.12.21 

a*iu. 

2.85 

ww 

Em 

— 

0,68 

0,02 0,02 

m 

April 

a, 

*» 

10. 6.45 

a.ro. 





—— 

0,16 — 

m 

ta 

90, 

If 

5. 0.81 

p.m. 

i 0.60 

0. 9 

0. 8 



0,16 0,08 

■m 

U»9 

a. 

»» 

6.69.12 

A.II1. 


0. 8 

0.20 

— 

7,2 

0,05 OJIl 

m 

Jam 

W, 


10.86.68 

p.u. 

6.0 

0. 8 

B 


B 

0,06 0.07 

'■m\ 


% 

99 

8.16.46 

AalD. 

mm 


o 

6.8 


0,08 0,04 

Pi^yi 

VK 

ft 

1.19.48 

a.iiL 

8. 0 


H 


B 

0.06 (MM 
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[IX c] Local eartLqoakes obseired in Tokyo. 
(Bnl^gronp VIII o). 


llsz.cMige 

of 

motion, $ 

(KW) (HB) ; 






HORIZONTAL PENDULUM OBSERVATIONS OF SAJE^hlQUAESS. ^ 

jt- 

III. Periods of Waves in Distant EABXBQUAkES. 

12. Earthq^iake motion proceeding from distant origins. — !l^ shafl 

here confine myself to the consideration of those dishint earthquakes 

(Group I), whose durations varied between f h and 4 hs. (See Table 

II [A]). The motion consists generally of several sets of waves of 
• 

different periods superposed upon each other, but the successive epochs 
of each earthquake seems to have certain predominating periods of 
vibrations. 

13. 'I'he 1st preliminary tremor. — In the Ist preliminary tremor, 
the motion consisted essentially of p," type vibrations, superposed 
with p,' type ones, the former having the average period nearly double 
that of the latter, as follows : — 

Pi” tyP®* average i^eriod, which varied between 6,7s and 

12,4s, had a mean value of 8,03s. — In the two cases of eqkes Nos. 163 
and 193, there were also slow undulations of periods respectively of 
15,0 and 18,0s. These waves are probably of the same kind as those 
often occurring in the 2nd preliminary tremor. 

p/ type. The average period, which varied between 2^18 and 
6,98, had a mean value of 4,56s. — In the three cases of eqkes Nos. 
44,177 and 222, there were also small quick vibrations, the mean 
value of whose average periods was 2,58. 

14. The 2iul preliminary tremor. — Here again the motion con- 
sisted essentially of vibrations, whose average period was exactly 
similar to that of p," type in the 1st preliminary tremor and which 
naay be termed as p,' ty|)e waves. 

P,' type. The average period, which varied between j^,4s and 
10,8s, had a mean value of 8,06s. — In only one case, eq^ No. 2, 
were tiiere also vibratums of an average period of 8,1s. 

In 13 cases there were also traces of slow oadidaiiojB; whidh 
may be distinguished as p^" and type wavefk 



F. OHOBI. BE8ULTS OF 


The average period which varied between 12,5 and 
had a mean value of 14,58. 

V jPi’" type. The average period, which varied between 24,6 and 
.^)0a, had a mean value of 25,38. 

p,"" type. The average period was 66s. The waves of this type 
occurred only in eqke No. 193. 

In eqke No. 193, there were also waves of an average period of 
34,5s. 


15. The principal portion. — As may at once be remarked from 
the detailed analysis of the seismograms given in the next volume, the 
principal portion begins generally with a few very slow undulations, 
(the initial phase) which here shall be distinguished as p, ty])e waves. 
Then follow in most cases, for a certain interval of time, a series of 
•low undulations (the slow-period phase)., whose jjeriod is generally 
different from that of the j), tyj)e undulations, and which may be 
distinguished as p 4 type waves. These are again followed by compa- 
ratively quick-period waves (the (pdck-penod phase), to be distinguished 
as Pi type waves. The |)eriod8 in tiie three successive epochs of the 
principal portion are as follows: — 

P» 'A^® waves ol this ty|)e iimy be subdivided accoi’ding to 

the length of period into the tluree tyjies of p,' and p,'". 

Pi* type. The average |jeriod, which varied between 37,58 and 
< 4ly0e, had a mean value of 39,28. 

Pi** type. *f be average |)enod, which varied between 27,08, «nd 
SS|6s, had a mean value of 29,48. 

W ^yP®* average period, which varied between 23,78 and 
a mean value of 24,38. 

In a single case, eqke No. 33, there were undulations of an 
pewod fipom 14,3 to 16,2s. These may be regarded as i»«»*g 
WaM with the p^** type waves abeady considered. 
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Pi type- The waves of this type may again he subi|£vi<kd into 
three types of P 4 ' p*" and p*'", according to the length of period: — 

P 4 ' type. The average period, which varied between SOs and^37e, 

had a mean value of 32,8s. 

* >, 

Pi” type. The average period, which varied between 198 and 
26,6s, had a mean value of 21 , 6 s. 

Pi ” type. The average period, which varied between 11,08 and 
18,2s, had a mean value of 15,8s. 

Pi tyi^e. The waves of this type may be subdivided into two 
types of p,' and us follows : — 

Pj' type. The average period which varied between 13,38 and 
16,5s, had a mean value of 14,5s. 

Pj” type, 'fhe average period, which varied between 7,18 and 
12 , 1 s, had a mean value of 9,6 Is. 

16. The principal portion, (cont.) — fn the following Table, I 
give yj ,4 or the duration of the time interval betw^n the beginning of 
the principal portion and the first appearance of the p, type waves, or 
the ipiick-period phase, in cases of 13 large earthquakes, together with 
y, or the dunition of the Ist preliminary tremor, where these durations 
have definitely been measured. 
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inbOB we have, on average, 


—= 0,87 

y*A 


Thus y, is approximately eqmil to y ,4 (See § 34). 

The time interval between the beginning of the principal portion 
' hi&d the appearance of the phase was generally difficult to 

estimate definitely, there being often cases in which there existed no 
initial phase. 

17. The end portion . — The motion, which is to be distinguished 
as p,' type, consisted mostly of regular vibrations, whose average 
period varied between 8,0s and 10,9s and had a mean value of 9,75s. 

In five aises of eqkes Nos. 33,43,47,193 and 201, there were also 
alow'er waves, tube distinguished a*< pa” tyi)e, whose average period 
varied between 14,08 and lG,5s and had a mean value of 15,8s. 

18. BestUts mnunarized . — TliC results obtained in the preceding 
u are summarized in the following Uible ; the |jerio<l8, wffiich may be 
TCjgarded as mutually e<jual, being collected in the same horizontal 


row. 



figiuea in the above table may be regarded as representing 
most likely to occur in tiie diffiuent epochs of distent 
lIlPllWldBas. IlMte probably exist a series of periods ibeteraen the 
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values of and Pg, which must be discovered by further ohl^ilioQS. 
Some of the points to be noted are the following. 

1. — p," in the Ist preliminary tremor and p,' in the' 2nd 
preliminary tremor are identical, giving the mean value of 8,058. 

2 . — Pj" in the quick-period phase of the principal portion and p,' 
in the end portion are identical, giving the mean result of 9,68s. 

3. — p,” of the 2nd preliminary tremor, p*'" and p,' of the prin- 
cipal portion, and p^" of the end portion are identical. 


4. — p,'" of the 2nd preliminary tremor and p,'" of the principal 
portion are identical. 

5. — Pj” and p/ of the principal iMjrtion are identical. 

The six periods P, P, Pj P4 P, and Pj form roughly a series of 
an arithmetical progression, the mean common difference being 5,0s. 


19. The periods of vibration in the 1st and 2nd prelimitiary tremors 
and in the end portion. — It will be observed that the periods of 
vibration in the 1st and 2nd preliminary tremors and in the end 
portion of different earthquakes are nearly constant, and further that 
their mean value, P„ is nejuly equal to the limiting value of 8,08 of 
the average period of pulsaton/ oscillations. This may probably be ex- 
plained on the assumption that diOerent portions of the earth’s crust 
have particular |)eriods of free oscillations, as discussed again in the 
case of pulsatory oscillations (§ 31). Such a supposifio^^a par- 
ticularly well in the case of the vibrations in the end portio^^ since 
the duration of an earthquake is long and the ground oiosc he ex- 
ecuting wave motion for a considerable time interval after 
tmpetns, which caused the seismic disturbanoe, has oeMNd^ Thii Ip 
equate analogous to the inotikm of sea waters, the dtagcains .'fih 
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•bowing constant periods proper to different places of 

.• 20. Ilemarks on the period, of the earthquake motum . — The average 

in distant earthquakes remains constant throughout the end 
( portion. Within certain limits, the perhxl of the different types P, Pj 
......P( may depend on the distance between the earthquake origin 

and the place of observation. This and other questions shall be 
discussed on another occasion, but in the meanwhile I niav state that 
long-period undulations alsr) exist in earthquakes of nejir origin. 
Thus, for instance, in the Kiushiu ejirtlnjuakes. Nos. 23() and 237, the 
pmodsof 31,3 to 35,48 were recorded in Tokyo. Different kinds of 
yaves are probably o^iginat(^d simulnmeously at the seismic origin, 
but quick-period vibrations are soon flissijKited in consequeiKie of the 
viscosity of the material forming the e^irth’s crust, while slow undu- 
lations are less subject to nxivh a dissipsition and travel to great 
distances. 


IV. On thk Nature of tiik Lono-Pkuiod Undvlations of 
* Earthqiakks. 

21. About two years ago I expressed the view that the slow- 
pmod undulations of great earthquakes are ]>robably horizontal, and 
■not tilting, movements.t This supposition was based on the fact 
l^at, in the earthquake of Nov. 7tli, 1898, the range of motion was 
equally large in the diagrams from two diffiirent horizontal pendulum 
sqqpMBtus, both in the £ W direction, which ought to have been dif- 
fiMBtdy sensitive to the tilting of the ground, if any. 

/ . Eaoently I have observed a number of earthquakes simultaneous^ 

JUtJCrV of B o p om (Jo p o — ■ ») flf Um &utlm«ako lotMtigatioo Conaittao 

llw |M^ iloMNOM la 4 MiaitlwU 40 9Har*Sii«HHM«t diiwMitplMMaia 

VSIv. T«h^ 
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ly with the three horizontal - pendulum appiaratus A, iB C. 
(See § 7). A glance at their diagrams shows that the unplitode 
depends on the multiplication ratio o£ the writing pointer, and npt on 
the sensibility of the pendulums t<j tiltings, in so far as the motion 
recorded is not confused by the proper oscillations of the heavy 
steady mass ” themselves. I shall next discuss, as an example of 
a seismic disturbance with very slow undulations, the diagrams of the 
earthquake of Oct. 29th, 1900. 

22. The earthquake of Oct. 29thj 1900 ; 6h 31m 32s. 

Total duration =4 h. 

This was a very large earthquake at a great distance, and the 
ground continued more or less in a state of motion for several hours. 
The earthquake was satisfactorily recorded by the three horizontal 
pendul urns A, B and C at Hongo as well as by the apparatus D at 
Hitotsubashi. 'I'he diagrams from the two pendulums C and D are 
reproduced in Pis. XII and XIII ; a is the beginning of the earthquake J 
ab and be are respectively the 1st and 2nd preliminary tremors ; and 
c is the commencement of the principal portion. 

The earlier part cd of the principal portion consists of very slow 
undulations, whose elements measured from the four diagrams arer as 
follows : — 

Hor. Pendulum A : EW component, Hongo J 
/max. 2a=0. 26nun., 

(aver, period =45,5 s. 

Hor. Pendulum B : KS component, Hongo ; 

{ max. 2a=0,3l aim., 
aver, period » 4 1,8 s. 

Hor. Pendulum C ; £W component, Hongo ; 

/max. 2a=0,35 mm., 

(aver, period =45,3 s. 

Hor. Fendnlnm D ; £W component, HitotniliMlii ; 

/max 9a=0,36 mm., 
laver. p0riod=47,O s. 
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.Then follows the quuk-period plum, whose elements are as 

Hor. Pendulum A : EW component, Kongo ; 

{ max 2asl,l5 ram., 
aver. period=31,0 s. 

Hor. Pendulum 11 : NS component, Kongo ; 

I max. 2a =0,49 mm., 

(aver, period =26,0 s. 

Hor. Pendulum C : EW component, Kongo ; 

(max. 2a=l,l5 mm., 

(aver. period=31,0 s. 

Hor. Pendulum D : EW coiniK)nent, Hitotsubashi ; 

{ max. 2a = 1 9 mm., 
aver, period =80,0 b. 

In the above measurement, the ranges of motion, 2a, have been 
obtained on the assumption that they were horizontal movements, 
that is, by dividing the recorded movementH by the multiplication 
fotio of each instrument. With resjject to (1), where the average 
poliod was about 451 s, the two EW comjKtnent apparatus C and D 
tluii gave practically identical results, while the apparatus A recorded 
a slightly smaller max 2a. Considering, however, the extreme length 
the period, these three results may be regarded as being very near 
to 'Oaoh other; since, in coses like this, a slight diflTerence in the 
aonont of friction between the writing index and the record receiver 
' iMsgr Sisily produce a sensible error. 

PTith respect to (2), where the period was somewhat quicker and 
oppd to 81 a, the two £W component apparatuses at Kongo, A and C, 
■fftH txoedy identaoal results. The Hitotsubashi apparatus D gave a. 
%||||^ WOOL So, doe probably to the proper period of the pendulum 
near to the period of the earthquake motion. 
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The periods of free oscillution of the three EW compoB^f^ horir . 
zontal pendulums at Kongo and Hitotsubashi, whose dimensions wet^ 
already given in § 7, were in this case respectively 28,0 s, 60,0 « and 
2 9,7 s. Let us denote by Tq and i’q the angular displsoements 
of the ground corresponding to 1 mm. motion of the writing indices 
of the three apparatus. We have then, by equation (1), 

r^=0/ 105 
rc=0,0229 

rr,=0,112 *■ 

Or if (Jj^, dc and denote the displacements of the writing indices of 
the three instruments for the tilting of 1", we have 

9,6 mm. 
o\.=43,7 „ 

<Jd= 8,9 „ 

Thus if the slow undulations under consideration had been due to the 
tilting of the ground, the apparatus C ought to give records of motion 
nearly 5 times larger than the apparatus A and D. Such, however, is 
very far from being the ease. 

28. Another point, which bears on the question of the nature 
of the slow earthquake undulations, was suggested to me by Dr. 
Charles Davison. This is the amount of the vertical amplitude which 
would exist according to the assumption that these slow movements 
are due to the tilting of the ground. As illustrative examples 1 shall 
take the severe Japan earthquake of Nov. 25th, 1899; the Java earth- 
quake of Sept. 30th, 1899; the Alascau earthquake of SepL ^th, 1899; 
and the Indian earthquake of June 12th, 1897. The t|iree of 
these earthquakes are respectively Nos. 236, 207 and 193 of our Est 
CTable I). 

(a). The Japan earthquake of Nov. 26thj -The oarij^ wm 

off the easton coast of Kiushio at a distance of 840 km. firam Tokyo. 
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from the horizontal pendulum G (PI. X) shows, in the 
pplWiifil pmlioiiy two main smes of waves, (1) and (2), whose 


Ive maximum traces were as follows : — 


(1) rai»ge*=64,0 nam., period=24,0 s ; 

(2) range* =27,0 mm., period=8,0 s. 


In tiiia case, the period of free r>scillation of the pendulum was 2 m, 
’•0 that the sensibility to tilting wus very great, as follows : — 

1 mm. displacement of the writing index=0, ”0057. Hence the 
above maximum traces of (1) and (2), if due to the tilting of the 
ground, would resjiectively correspotid to the angular movements of 


«,-(i4x0,"0057=0,'':sC5, 
and /b=27 x 0,0057 =0,1 54. 

If now the earth’s stirfuct! Is* thrown, in <*ons(!quence of the tilting 
into the form of u sine curve, each of the a)M)ve H'h may be supposed to 
represent the greulust angle of inclination of the surface during the 
passagpe of the particular wave in <|uestion, and we have 


... 24 X 3 ..H X Bin 0 ."a ()5 

2A, = ‘ = = 40,0 mm., 

?r JT 


2A, 


k.k- Hx. H.8x8in 0."154 
ir ~ r 


=C,B uuu. 


<iilkere SA, and 2A, an* re8|SH.*iively the double vertical amplitudes 
■ of two waves under c'liiiHtderation, whost; wave-lengths are 
Amolied by I, and i,. In the alwve cidpulutions the velocity of transit 
of Uw eaith(|uake waw has Uvn assumed to be 3,8 km. per sec. 

maximum vertical accelerations would be respectively 1,4 and 
Iff mm. per sec. per. sec. 

(k). Tkfi JaM §artkjititke o/ HffH, 30ih^ The record from 
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the horizontal pendulum A (L’l. VQ shows, at '^e eonunenfieBMhit 
the principal portion, the following large trace of motion : 

2a=54,0 mm., period=38,0 s. 

In this case the ]^)eriod of oscillation of the horizontal pendulum was 
28 8 and 1 mm. displacement of the index corresponds to 0'\105 
(§ 22), so that the above displacement would, if due to tiltio^, amount 
lo the angular motion of 

^=54x0/'105=5/'7. 

In this case we must take for the transit velocity the value of 4,8 
km. jisr sec. (v, in the rotiition of § 84), and we obtain, for the 
double verticjil amplitude of the tilt wave, 

2^ 1610 mm. 
z 

This would give the maximum vertical acceleration of 22 mm. per 
sec. per sec. 

(c). The Jlamin earthquake of Sept. 4th 1899 . — The record from 
the horizontal |)ertduluin A (PI. VII) shows, in the quu^^period phate 
of the principal ]x)rtion, a series of undulations of average period of 
16,2s, whose maximum trace was 48,0 mm. The sensibility here was 
the same ns in the preceding case, and therefore the corresponding 
tilting motion would be 

<J=48xO/'105=5,"04. 

Taking the transit velix:ity to be equal to 3,3 km. per sec. (v, of §§ 
34,38), the double vertical amplitude would be 

2A~ M . y **” J =416 mm. 

K 


llkw gives the maximum verUcal acceleration of 31,8 mnii per sec. 



■ 
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j|^ Indian earthquake of June 12th^ 1897 . — According to 
pi^ 6« Agamennone, the period of large undulations as observed in 
pjMQcbpe was about SOs, and the “ niaximum inclination ” of the 
l^reund was 12".* Taking here the velocity of transit to be the same 
|il in the preceding case, namely 3,3 km. per sec., the double vertical 
amplitude would be 


2A ^ = 1220 


nun. 


This gives the maximum vertical acceleration of 60 mm. per sec. per 

sec. 

(«). Hummarij. — According to the calculations made above, it 
seems probable that in some cases, as with the Japui ciirthcpiake (a), 
the vertical movement of the 8up|x)sed tilt wave amounts only to a 
few mm. or a few cm., with a corresiMinding maximum acceleration of 
only lor 2 mm. per sec. jier sec. Such a motion could not probably 
be felt by us. Hut in other cases, us with the earthquakes of Java,. 
Alasca and India (b, e, d), the vertical tlisplaccmcnt, consetjuent to the 
tilt wave, would be amsiderable, rungin]^ in the examples treated of, 
from 416 to 1610 mm ; their maximum accelerations are accordingly 
yvry large and vary between 22 luid 60 mm. jkt str. jxr sec. Move- 
nMiita like these would be suiliciently intense as to be felt by us, and 
indeed a motion wiUt an uccclenttion of 50 U) GO mm. per sec. per sec., 
may be classed as a strung eartluiuake shuck. Hy way of comparison, 
I leprodttoe hem from the late l*ruf. S. Sekiyn's work on the Tokyo 
eattintadce meesurement f tlw following elements of motion at 

UUntanbashi :**-* 


* n. aaMSSISMHMie«>'ll SrfMMi* «Mr ImU* M it fmfM iSW. nsOfraM te J!Sra|w. Xsadi- 
SisH mOsB. AmmMsM UsMi V«L Vll. IMM. 

.. t >» >*h* »'''*^B * *N'» » ** WM Uwr wm n. Josr. CalL 8s. Iwf^ UaH. Tolyo. VaLlL 
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Max. horizontal motion 0^73 mm. 

Period of max. hor. motion 

Duration of hor. motion 117 s. 


These figures are the means deduced firom 95 earthqi^^ces obeyed 
with Prof. Ewing’s seismograph at Hitotsuhashi (Tokyo^ during j[885 
— 1887. From the above we see that the average maximum 
(horizontal) acceleration is 

2?:’ X 0,73 i-c 

— V — s= 15,6 mm. per sec. per sec. 

It may be remarked that earthquakes are felt always much stronger at 
Hitotsuboshi than in^ other parts of Tokyo, and the value of the 
acceleration here deduced may therefore be taken as re^Hresenting the 
intensity of motion of moderate strength. Thus it will be seen that the 
earthquakes of Java and Alasca observed in Tokyo, or the earthquake 
of India observed in Europe, ought to be felt os moderate or strong 
shocks, if their undulations be tiltings of the ground. Such, however, 
w'as certainly not the case. The conclusion is that the slow undula- 
tions of the earthquake motion axii not, at least not generally, be 
ragarded as tilting movements. 

24. As an illustrative example of sensible slow oscillations, I 
may take ship's rolling motion. On board a German steamer Prinz 
Heinrich (gross tonnage about 6,000 tona), I found the lateral oscilla- 
tions had a period of about 158. When the up-and-down range of 
motion at the edge of the upper deck was about Ini, the movements 
were of course there very well felt, the maximum acceleration in the 
vertical direction being about 88 mm. per sec. per sec. 

25. Let us next see what ore the nuucimum aooeterations of the 
sbw earthquake undulations, supposed to be hormmtal movementi. 
For three of the earthquakes diKuased in § 23, observed in l!ob^ we 
have the feUowing results. 
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(»). Tlie Japan earthquake of Nov. 25th, 1899 : — 

(Slower wave) Max. acc.=0,22 mm. per sec. per sec. 

(Quicker wave) Max. acc.=0,83 „ „ 

(b) . The Java earthquake of Sept. 30th, 1899 : — 

Max. acc. =0,074 mm. per sec. per sec. 

(c) . The Alascan earthquake of Sept. 4th, 1899 : — 

Max. acc. =0,36 mm.^per sec. per sec. 

The maximum horizonhil acceleration in each of these, cases 
amounts to a mere fraction of one mm. |x^r set;, per sec., an amount 
much too small to l)e felt by us, or evtai to Ik* registeml by ordinary 
seismographs. 

26. Conclusion, — From the discussions in the foregoing § §, it 
will be seen that there are several diflieiilties in attempting to explain 
the slow mrthquake umlulatiotis as tilting movements, while there are 
none in sup{MMing them to lx* hori/.ontal movements. I conclude 
therefore that the slow farthqunke undulations air horizontal worniients. 

It must here be notisl that etjnation (1), which 1 have used for 
calculating the sensibility to the tilting of a horizontal |M‘tidulum is 
strictly applicable oidy when the iH'riisI «)f the earthquake undulation 
is sufficiently lung in comixirison to the |)uri«xi of oscillation of the 
borisontal pendulum itw'lf. The iwtinmtion of the anumut of tilting 
in the coses like the Alascan eartluiuake (e) § 23, when the ]x>riod «)f 
the eorthquoke movements was much shorter than that of the 
pendulum itself, is subject to u (vrtuin ermr. Hut this error causes the 
OB timoted amount of tlic tilting to U* sumller than tlie actual value. 
Hence if ]iro|ierly tNkrrected, the vertical displaceiuent and its 
vuucunum aooelermtion w'ould ctum* out much greater tluiii those given 
hi § which fiivuurs iny arguim'nt still further. 

S7, With raipect to onlinary maero-stismic movements, 1 have 
aande at Hoogo (Tokyo) a senes of observations of earthquakes with 
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three sets of horizontal pendulum seismographs, whose sensibility to 
tilting and multiplication of horizontal motion were so axranged as to 
separate the horizontal motion from the tilting of the ground. The 
result so far obtained is that in the ordinary small and strong 
earthquakes, occurring so often in Tokyo, there is no tilting motion, 
or if any, not one sufficiently large to be recorded by means of 
ordinary seismogra})hs.* 


y . Pulsatory Oscii.lations. 

28. Vuhatonj usdllnliims. — Denott* those small slow oscillations 
of tlie ground, whose origin is not seismii!. Their average periods and 
ninges of motion in 70 easels iKstweeii July 1898 and Dec. 1899 are 
collected in the following 'Tahlt'. These ar(^ not of course exhaustive, 
the mejisurements having only been made in so far us these move- 
ments occurred in the diagrams which contaiiuHl earthquakes. 


* A detailed accouot of theiM^ olM||rvHiions is g)vi*D bj the present Author in Vol XXXIl 
of the Report* (Japaneae) of the Earthquake Jnfeatij^^tioii Coinuiittoe. 
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7ABLB XI. — Avsbaob period of Pulsatobt Oscillations.''^ 

1898. 



•fW 


ia MnpcmMt 0J6 mm. 
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lie seen from the above table that the average period of 
oscillations varied between 3,4 s and 8,0 s ; periods of 
4,5 s occurring most frequently. The frequencies of the 
■ I ffw dl pariods are diagramatically shown in the accompanying figure; 


Diagram showing the frequency of the difEerent periods 
of pulsatory oscillations. 



20. The mux. 2u of the puistttory oscillutioiis within tlie time in- 
terval in question was 0,16 mm. in each comfH)nent, which occurred on 
Oct. 7th, 1899, the average [x;ri(Ki lieing 8,0 s. The E\V comjxment 
diagram for Oct. 6tli-7th is given in IM. X IV. The pulsatory oscilla- 
tions were in this case doubtless ciiiumhI by (listurlMiiccs in the atmos- 
{diere, which occasioned the remarkable seit-w’aves on the after-n<x)u of 
the 7th along almost the whole coast of the .laiiunese Ishuids. It is, 
however, to be noted that pulsatory osdllatioiis wen* alrewly very strong 
<Mni the 6th, although on that day it was almmt. perfectly calm over 
l^kolni and the Main Island. The lowest barouietrie pressure was 
714,5 mm., ohsnrved at Nagulsuro (pntvince of Uu) on the 7th at 2 
pjn. Hw weather map of Oct. 6th-7th is given in 1*1. XVllI. 

) . SO. The most rBnuurkaUe storm of pulsatory uscillstious which 
"IImmw so fiur observed oocurred on Nov. 17th<-lHth, 1900, the max. 
Jh Imvi&g rmdbed 0,65 mm. in tsKh cmnpooeut. The avenge period 
> twHi tySe. The EW component diagram is given in PI. XV 

TIdt et o rm of pulsatory oscillaUous was also evidoitly caused by 
> ^AllNwhMMMU in the almospbere, etroug winds having prevailed on the 
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17 th over the whole ooanti^. The barometiie depqffiscdQn wm, hW« 
ever, in this case not very deep, the lowest ieadin|^ 743 mm, 

observed at Shiomi-saki (southern extremity of the provinojp of Kii) cm 
the 17th, 2 p.m. The weather chart is given in PI. XiX. ' 

31. On the nature of the pulsatory osciUatums.— •The pul^atcffy. 
oscillations, which are in no essential way different from the vibrations 
constituting the 1st preliminary tremor and the end portion of a 
distant earthquake, seem to be horizontal movements and^nob tiltings 
of the ground. For the considerations bearing on this point the read^ 
is referred to my paper on horizontal pendulums published in VtA. XI. 
of the Jour. Coll. iSc. Imp. Univ. Tokyo. The chief clwracteristic 
points of these movements, as observed in Tokyo, are the following; — 

1. Pulsatory oscillations occur mure frequently in winter 
than in summer. 

2. Pulsjitory oscillations continue generally for several 
days, there being no dependence of the frequency on the time of 
day. 

3. 'I’he average fjeriod remains generally oonstaiit for 
several hours, not depending much on the amplitude. 

4. The average {leriod varies but little, the least value being 
3,4 s. and the greatest value 8,0 s. 

5. The direction of motion changes constantly, and eadi 
horizontal compoTient shows a series of alternations of maximum 
and minimum groups ; the motion is always oa the whole equal 
in the two horizontal components. As additional ttlustrations, 1 
give in Pis. XVI and XVII the EW oomptment diagrams of the 
polsstory oscillations on Nov. 18th-19th, 1900 ; the average 
period being 6,8s and the max. 2a b^g 0,25 mm. in ew^ 
component. 

The MNS'lrajgfc sf* psdmuorg osaUatusu , — The navejhmgfh eC 
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;^<MdfiliKtioaM wseoM to be much longer than those of the quick- 
i -^lhrations of an earthquake which constitute the ordinary 
dbiocks and which are most efficient in producihg damage, as 
he inferred from the comparison of the observations at the 
fSevilllological Institute in the Imjjerial University, Hougo, and at the 
S<llHtti6logical Observatory at Hitotsuboshi. The distance between 
the two places is only 2,29 kih. 

At Kongo the ground is high and consists of hard clay, while at 

Hitotsuboshi it is low and very soft, and consequently the amplitude 

of earthquake motion, as registered by ordinary seismographs is two 

or three times greater at the latter place than at the former.* In fact 

it is well known that earthquakes cause very much greater damage in 

km soft country than on a hill or hard high ground. With respect 

to pulsatory oscillations, however, no such peculiarity is fouitd, the 

amplitude and the period being always the same at Kongo and Hito- 

tMibashi. This feet can only lx.* explained by supposing the wave- 
* 

length of the pulsatory (wcillations to lx* comparatively very great. 
If we assume the velocity of transit of pulsatory oscillations to be the 
mme as that of the ordinary surface transit of earthquake motion, 
aamdy, S,S km. per see., the wave-length of pulsiitory oscillations 
would vary betw‘«en 


km 


aud 


.M,4xy.a: 


:1I,2 kill. 

=‘ilS,4 .. 


Pi. XVII gives tlie Hitotsuboshi KW component diagram of the 
pnbalory oscillations on Nov. lKUiol9th, 1900. The motion 
waibaaaea to be equal to the corresponding Hongo diagrams given 
ill PI* XVI, (The multiplication of the Hitotsubaahi instrument is 
♦lii while ^hat of the Hongo instrument is 10). 


mmmtA Ui Tokjr». iMr te. 
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Relation of puUaUn’y osciUations and the formation 4jf the 0round.-^A^ 
stated above, the phenomena of pulsatory oeciilationif do liot se^ td 
vary within a small area, such as Tokyo. When considered, however, 
with respect to widely distant localities, there is great <|iffei^noe lb the 
frequency as well as the intensity of these movements. • Thus in 
Tokyo, pulsatfiry oscillations occur very often and have npt sSdom 
quite large amplitude. On the other hsuid, the simultaneous horizon- 
tal pendulum obs ovations at Miyako Meteorologual Observatory (in 
the province of Rikuchu), Arima (in the province of Settsu), and the 
Kyoto Imperial University show very few and very slight traces of 
pulsatory oscillations. I may here lemark that Tokyo lies on the 
extensive Musashi plain, hut the three above named stations are 
situated respectively on a small proinontary of a pileozoic formation, 
among granite mountains, and in ai valley surrounded by granite 
mountains. 

The period of pulsa torn oHcillations. — Since the jjeriod of pulsatory 
oscillations varies little, and especially since the iieriod (average) re- 
mains generally constant for several successive hours, it may he sup- 
posed that these movements represent the proper vibrations of certain 
portions of the earth’s crust, such as the plain of Musashi. In fsct 
there is no reason to supjxise that the ground, even when not disturb- 
ed by earthquakes, is perfectly at rest. On the contrary it would he 
more general to assume that the different (xirtions of the earth’s crust 
are continually executing greater or less movemenpi of some sort } 
and, if so, the periods ought to be determinable in each case from the 
geotectonic circumstances of the ground. 
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^ On the PBELiJONAar Tbemoks and the Velocities 
OF Transit of the Earthquake Motion. 

32. The durations of the preliminary tremors. — I>et us first, inquire 
']ii|i6ut the relation that may exist between the durations of the 1st 
^luid 2nd preliminary tremors. From Tables II, III, IV'^, VI and VII, 
it will be seen that in general these two durations are not much 
different from one another ; the duration of the Ist preliminary 
tremor varying in the cases of the distant esirthquakes (Group I) 
between 1 m 11 s and 17 m 85 s, and that of the 2nd preliminary 
tremor between 1 m 2 s and 16 m 40 s. Confining our attention 
to the earthquakes of Group I (Table II), there are 28 cases in which 
the durations of the two preliminary tremors were definitely measur- 
ed, as tabulated below. 
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TABLE XII.— Dubations of the Ist and 2nd PierDiiiiNABF T&ncoBS. 


(Distant earthquakes, Group I.) 


No. of eqke. 

Duration of the 1st P. T. 

Duration tha 2ud P. T. 

2 

•jm 

21' 

fjm 

14* 

22 

8 

1 

43 

4 

41 

29 


26 

10 

26 

33 


37 

4 

18 

44 

6 

0 

3 

7 

68 

4 

13 

2 

0 

69 

9 

54 

9 

10 

127 

9 

17 

9 

38 

143 

17 

35 

17 

21 

147 

1 8 

24 

7 

43 

149 

3 

40 

2 

48 

163 

2 

48 

4 

59 

165 

4 

29 

2 

B 

177 

6 

7 

3 

35 

I8f> 

8 

20 

16 

40 

188 

9 

33 

9 

49 

190 

1 

11 

1 

2 

193 

\ 

; 7 

i. 

.% 

9 

88 

196 

: 7 

.38 

6 

53 

197 

/ 

7 

1 

43 

6 

30 

198 

!• 2 
! 

5 

1 

36 

201 

i: 10 

19 

12 

0 


6 

46 

3 

89 

217 

4 

23 

1 4 

12 

218 

i 4 

36 

I 4 

80 

220 

6 

20 

4 

28 


3 

10 

8 

»/ 

285 

4 

51 

4 

21 
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'mBg of these 28 case, we find : — 

the mean daratiou of the 1st P. m-SQ sJ 

„ „ 2nd P. T.=y/=6 m 21 s. ’ 

/ 

Consequently (2) 

lESqaation (2) gives the relation of the durations of the two preli- 
'flilliary tremors of distant earthquakes. Turning now our attention to 
tSie earthquakes of comparatively near origin, namely those of Groups 
n, III, V and VI,* we find 13 cases in w'hich the durations of the 
1st and 2nd preliminary tremors were distinctly measured, as 
follows : — 


TABLE XIII. — Durations of thb 1st ani> ‘2nd Puemminaby Tremors. 

(Eartliquakes of near origins.) 


Group. 

No. 

i 

Duration of the 1st P. T. 

1 

! Duration of the ‘2n(l P. T. 

II. 

160 

1“ 

4* 

1"* 

4* 


2.32 

•2 

0 

1 

12 

111. 

HB 

0 

1 

\ 

.'if) 

1 

24 


70 

•21 

t) 

42 


90 


•2S 

0 

4 


lOS 


4 

1 

17 


148 

1 

18 

i 1 

•ili 


151 

A 1 

48 

' 1 

12 

< 

167 

o 

12 

0 

38 


280 

1 

.80 

1 

28 


289 

X 

9 

. 1 

25 

V. 

100 

i' 

24 

: 0 

57 

VL 

112 

1 ' 

7 

1 ■ " T 

44 


* la Its WM rt i Hf ia l ii H iW watata s tf IV. Vlt. VIII aaS IX. lb* lat lUiS Sad 
||B>hM>sy tiwasw SN«a a«iS a *a «i aBy nwwMy StoingwhSatil*. 
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Taking means of the above 13 cases, we find : — 

the meaa duration of the let P. ni 6 s. 

„ „ „ „ ‘ind P. T.=y,'=l ni4B. 

Consefiuently =1,04 (3) 

Vi 

Thus the nitio of the durations of the Ist and 2nd preliminary tremors 
is found tf> be the same fur the distant earthquakes as well as for those 
of near origins. I shall therefore put generjilly 

y±. = 1 ,05 ; or ?/.=0,95 x j/j (4) 

l/m 

in which »/, denotes the duration of th(! 1st preliminary tremor and y, 
that of the 2nd preliminary tremor, of any given earthquake. Equa- 
tion (4) shows that the durations of the two preliminary tremors are 
approximately e<|ual to one another. (See § 34). 

I'he accoin|)anying figure illustrates the relation of the two pre- 
liminary tremors for the 41 ejirthquakes contained in the above two 
Tables ; the mean curve being the straight line op bisecting the angle 
between the axes of x and ij. 

33. 'I'hr irintion hetvren the duration of the 1st preliminary tremor 
and the distance of the eartlnjiiake origin. — In Vol. XI of the Jour. Coll. 
Sc. Imp. Univ. Tokyo, 1 have discussed the relation between the dura- 
tion of the preliminary tremor and the distance of the earthquake origin, 
for the cases in which the latter quantity was under 1000 knl^ and 
above 100 km. f propose now to investigate similar relations with 
respect to distant earthquakes. The reason why I take here the Ist 

preliminary tremor, instead of the 2nd preliminary tremor • or 

/ 

the total preliminary tremor, is that the duration of the Ist preliminary 
tremor can generally be determined much more accurately than either, 
of tbie two others. 
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As abesdy pointed out by eeverul seismologistsy the durations of 
tlie pnUmiHary tremor of an earthquake increases with the distanoe of 
origin. I give in the next table the durations of the 1st prelim* 
UUtry tramor (=//.) and the distance between the earthquake origin and 
Use place of observation measured along a great circle of the earth 
for the Tokyo observations of the great earthquakes of Alasca, 
&liyma and of Java, w'hicli all took place in Sept., 1899, us well as 
fcr some large Japanese earth({uakes observed in Eurojx*. 


TABLE XIV. — Relation of tuk Duit.vnoN ok the 1st 1'rei.i.minakv 
Treuoh and the Distance ok the EAitTHycAKE Oiuoin. 


No. 

) 

1 

i 

Ear thq Hike. 

1 

Dat« 

< 

Place of 

Ulwervation. 

duration of 

the Ut P. T. 

a M distance 
(aloiii; the threat 
circle) t>etwoen 
the orit^u and 
place of ohserra- 
tion. 

a 

Alucan eqkea. 

( Sept. 4th and ' 
1 11th, 1890. 

Tokyo 

7 lu 391 

6)00 knu 

b 

Smyrna oqktf. 

Sept. 30th, 1899. 

•• 

r> 

'tG 

4800 

0 

Java „ 

„ 30th. „ 

»» 

10 

19 

1 9200 

d 

Japan „ 

Feb. 20th. 189T. ' 

Putstiaui. 

y 

55 

8990 

e 

Japan eqkex. 

1 

Italy. 

10 

36 

9680 


In the above table, a denotes the three Alascan earthquakes of 
Sept. 4th and 11th, 1899 {Nos. 193, 196 and 197, of Group I) ; the 
yi is the mean duration of their Ist preliminary tremors and the x the 
distance deduced by assuming their origins to be situated all off Cape 
Elias, at about lat. 60® N and long. 140“ W. ft is the Smyrna 
. earthquake (No. 201, Group I) and c the Java earthquake (No. 207, 
Group I) ; their distances have been calculated by assuming their 
origins to be situated respectively near Aidin, in Asia Minor, lat. 37° 
50'* N ^nd long. 29“ E, and off the southern coast of the Island of 
Oerang at about lat. 6“ S and long. 129° E. d is the strong Japanese 
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oarthquake of Feb. 20th, 1897, (origin lat. 38® 30' N, long. 143" SO' 
E), which caused some damage in the vicinity of the city of S^dai in 
the north-eastern part of Main Island (Honshiu) ; this earthquake 
was observed in Potsdam by the present writer by means of a new 
Paschwitz horizontitl pendulum apparatus, with a quick rate of the 
photographic paper of about 300 mm. per liour. e denotes the nine 
destructive or strong Japanese earthquakes given in § 37, observed in 
Italy ; y is the mean duration of the 1st preliminary tremors and x is 
the mean of all the distances between the earthquake origins^ and the 
j)hiccs of observations, namely, Padova, Ischia, Rocca di papa, Rome, 
Verona, Pavia, (■atania and Siena. 

glanci* at the table given above shows that y is nearly propor- 
tional to X. Let us therefore assume the following linear equation 

T{y+h=x, (5) 

I 

when; k and h are constants. Determining the values of these two 
quantities from the data given in the same table by means of the 
method of Least Squares, we obtain 

17,1 7/1-1 360 (6) 

wdiere //, is expressed in sec(jnds and x in km. This equation, which 
is to be used strictly only for the cases of y, lying between about 5 m 
and 1 1. m, is fairly satisfactory, as will be seen from the 3rd and 4th 
columns of the following Table. 


TABLE XV. — Estimation of the Distance of the Earthquake 
Origin from the Duration of the Ist Preliminary Tremor. 


No. 

S'- 


X (actual.) 

2 , calculated 
by equation (6) 

X, calculated by 
equation (8) 

a 

7“ 

39" 

6100 km. 

6500 km. 

6750 km. 

b 

! 

5 

46 

4800 

4.560 

5100 

c 

10 

19 

9200 

9240 

9090 

d 

9 

5.5 

8990 

8840 

87.50 

e 

10 

36 

9580 

1 9540 

9.360 
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As aa illuatratioi), let tu apply equation (6) to the Sumatra 
sarthqnafce of January Gth, 11)00, Mrhoeeongin was, according to Prof. 
B. BiOdolph, at about lat. .T 10' S. and long. 102** 44' E. The 
dotation of the 1st preiiminurv tremor in Tokyo was 7m 248, which 
gives, aooordiug to wjuutiou (G), G240 km. for the distance between 
the earthquake origin and 'I'okyo, being not much different from the 
actoal distance of 5,800 km. 

Instead of equation (5), we may, without much error, assume 
the following form of the relation betw een x and t/, : 

■kyi=x (7) 

where k is a constant. From the data in Table XIV. k is found to 
be 14,7, or 

14,7 y,=jr. (8) 

y, and x being expressed in the ssiine units as in e<{uatioii (G). 
Equation (8) gives also fairly good results, us show'ii in the lust column 
of Table XV and has, besides being simpler, the advantage of being 
applicable even to earthquakes of near origin. As illustrations, I shall 
choose the Kiushiu earthquakes. Group VI. (See Table VII). Among 
the six earthquakes of this grouj), efjke No. 112 showed distinctly the 
lat preliminary tremor, whose duration w'as Im 7s. According to- 
equation (8), this gives 980 km. for the distance between 'fokyo and 
the earthquake origin, being not much different from the actual 
distance of 830 km. — With respect to the Kiushiu earthquakes, we 
may proceed more exjictly as follows. The duration of the (total) 
preliminary tremor was definitely measured in the cases of the four 
earthquakes Nos. 14,66,112 and 23G, the mean value being Im 518. 
Now according to equation (4) the durations of the 1st and 2nd 
' preliminary tremors ought to be very nearly identical to one another. 
.Uaioe we may infer from the above that the mean duration of the Ist 
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preliminary tremor for the Kiunthiu earthquakes to be^x (Im 5U)= 
568, which gives according to equation (8) 820 km for the mean of 
the distances between the earthquake origins and Tokyo. Actually 
the distances in question for the fi)ur eiirthquakes were respectively 
900,830.820 and 840 km ; their mean, namely, 850 km, being very 
near to the value given by etj nation (8). 

The relation l)etween x and ns contained in Table XIV, is 
graphically illustrated in the accompjinying figure, the line op being 
drawn according to e((uation (8). 

34. Rehitiim of the tluration of the 1st prelminary tremor of distant 
earthquakes to that of the prelhniiiani tremor of earthquakes of near origin . — 
For earthquakes of near origin the i-elation between the duration of the 
preliminarif trcintr (-='/) and the distanee between the earthquake 
origin and the place of observation referred to at the com- 

mencement of § 33, is expressed by the following equation : — 

7,51 7/=j:-‘24,y (9) 

tj Iniing expressed in seconds and x in km. 

Equation (9) was deduced from the observations in Tokyo of 
several Japanese earthquakes, whose x varied between 70 and 900 km. 
and ought consequently to be used only wdthin the corresponding 
limits of //. It ■w'ill, however, Ixi seen that e(piation (9) is in reality 
approximately identical with equation (8). For, when the distance x 
is great the constant term in (9) may be neglected and we have 

7.51 y=x (9') 

Here y denotes the duration of the entire preliminary tremor^ which 
comprises the 1st and 2nd preliminary tremors. On the other hand, 
equation (8) may be written, by virtue of equation (4), approximately 
as follows : — 



m 
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14,7 

or 7,35 y =x, (8) 

being the duration of the total preliminary tremor. Kcpmtiori (H') 
is practically identical with equation (9'). Hence 1 conclude that 
the relation between the prelimiimry tremor and the distance of the 
earthquake origin is essentially the same l)oth for (arthquakes of 
distant origin and for those of near origin. Taking the mean of the 
ooefficients of y in et^uations (H') and (9') and intnxlueiiig again the 
omstant term of 24,9, we obtain 


or 


7.43y=j'-24,9j 
14,9 y,=x-24,9) 


( 10 ) 


The applicability of these equations is limitetl, till further investiga- 
tions are made, by the following condition 


100 kmca-^dlOOOO km, 
or 10 8 cy^cabout 11 m. 

34. The relocities of transit of earthquake motion proceeding from 

distant origin . — In the description of the seismograms, the complete 

earthquake motion was divided into four main divisions of the 1st 

preliminary tremor, the 2nd preliminary Ireinor, tlie principal portion 

and the end portion ; the principal portion being further divided, in 

mort cases, into the three successive stages of the initial phase, the slow- 

period phase and the quick-period phase. Hence, setting aside the end 

.,^iPortion, we may distinguish in distant earthquakes the following four 

ceaentially different epochs of motion : — 

' • 

the Ist preliminary tremor ; 

^ . . the 2nd 


11 
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the initial phase (sometimes continuous with tiie dow- 
period phase) of the jHincipal portion ; 

■* 

and the quick-period phase of the jarincipal porticm. 

Let «, V, r, and r, denote the velocities of transit obtained by 
taking the moments of arrival of the beginning of the above four 
successive parts, and let us investigate what are the values of, and 
what may be the mutual relation between, these four velocities. 

Denoting by //, and ^3,, respectively the durations of the let 
preliminary tremor, the 2nd preliminary tremor, and of the joint 
initial and slow-period phases of the principal portion, we have, accord- 
ing to §§ 16 and 33. 

.Va=yi X 0,95 ; and y,,4=yi x 1,1 5 ; 
or 1,05 = ^3,4X0,87 (11) 

Thus we see that the thn^e durations are nearly equal to one another, 
and we may write 

2/i=y»%=y..4 (13) 

In the following discussion, however, I shall use equation (11). 

If now t denotes the time interval between the occurrence of an 
earthquake and the arrival of the 1st preliminary tremor at a given 
station, and x the distance of the latter from the earthquake origin, we 
have the following relations : — 


C 

®i=T’ 

X 

X 

t+J/i+V't 

X 

®6 = 


( 18 ) 


t+yi+y*+.yw 
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Rnm. tiMte we obtain, in virtue of equation (10), where the constant 
tsm is rgected : — 


I *>1 ^ 




1. . ...L„ 

V, X ^ T r,^ 14,9 


t 

= _ + 


{y,+0,95 yO— 1 ,^+ 14 y 


(14) 


7+ yi+ 1.15 yi)- 14,S 

According to § 4C later on, the recent, large Japanese wirthquakes, 
observed in Italy and Germany, give 12.S km. for the velocity r,. 
Using this value, equations (14) give 


/©,= 1*2,K km per «pc. 

®s= 6,9 ,, „ =t’, x-j-y 

^ ^ o 1 

t*3— 4,tt ,, ,, i', X'jj’Y 

1 

(®»= .. .• 

Thus roughly speaking r*, r, and r, are resj)ectively i and of 

or ®,=^t>,=3»,=4r* (15) 

In the cases of the Japanese earth({uakes observed in Italy and 
Germany, the mean values of r, and r, are resix^ctively 7,1 and 3,3 km. 

per sec. 

It is here to be remarked that the value of r, is very near to the 
velocity of transit of 3,3 km. per sec. found from an extended seismic 
triangulation in I’okyo, started in 1894 by the late Prof. S. Sekiya 
and myself, and since 1895, very ably continued by Mr. A. Imamura ; 
the velocity here quoted being the mean of observations of eight 
earthquakes.* 


* The detail* of these experiments are given in Vols. XXI and XXXll of the (Japanese) 
of the Earthquake Investigation Committee. 
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Equations (12) and (io)- may possibly have oertain pbyMcal 
meaning. 

35. The ipave-ltngth. of the earthquake motion proceeding from 
dietattt origins . — As stated in §§ 13 — 19, the principal vibrations in the 
1st preliminary tremor have an average period of 8,03 s, while those 
in the initial phase of the princif)al portion have an average period of 
31,3 8. The corresponding wave-lengths, and ^j, would, according 
to the results obtained in the j)receding paragraph, be as follows : — 

8 kiu 

>ii= 8,03x1-2,9= 104 km, 

2,=31,3x 4,8=150 „ 

For the wave-length 2, of the quick-period phase of the principal 
portion, we have 

e km 

/ls=l0,7 X 3,5 = 38 km. 

The wave-lengths of the vibrations in the 2nd preliminary tremor may 
be similarly estimat«l. 

The knowledge of the w'ave-lengths is important in considering 
the relation between the earthquake motion and the formation of the 
ground, as w-ell as in the discussion of the nature of the slow-period 
earthquake undulations. 

3G. On the paths of the earthquake waves through the earllis cnist. 
— As r, is very nearly equal to the velocity of propagation of the 
earthquake waves found by the seismic triangulation, it is probable that 
the w-aves in the quick-period phase of the principal portion are trans- 
mitted alonff the surface of the earth’s crust. As re^rds other sets of 
the earthquake waves, those having the transit velocities of Vf and r, 
may be propagated at some small depth within the earth’s crust.' 

The transit velocity of the vibrations of the Ist preliminary 
tremor, namely t?,, is very great and no known rock has an dastic 
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■Mdnlin* ralBaently large to propagate with such a high velocity, 
wliellier the vibratioos be longitudinal or transverse. Hence we must 
oWMdade that the waves of the Ist preliminary tremor are transmitted 
akmg amne path within the earth’s crust. .\s, however, the duration 
of the let pvdiminary tremor nt. a given station is very nearly 
pr o portional to the superficial distance between the latter and the 
eartihqiiake origin, and, further, as this relation is the same for earth- 
qm&ee both of distant and of near origin, it seems likely that the 
waves of the Ist preliminary tremor are transmitted nearly |Kirallel to 
the surface of the earth and at a certain (]>robtibly constant) depth 
below it; the law of the Ist preliminary tremor, or generally the 
preliminary tremor, being explained on the siip])o.sitinn that the waves 
of the 1st and 2nd preliminary tremors and of the principal jKjrtion 
are all generated simultaneously at the earthquake origin, but are 
gradually separated from one another as the disturbance spreads from 
the latter on account of the difference of the transit velocities. 'I he 
omstant depth here assumed would be a small fraction of the radius 
of the earth. 


* 8ee Prol H. Nagaoka'n paper : — Tht elatttic cmintanti of roekt and velocity of earOtquakc 
No. IV of the Publicationg. 



APPENDIX. 


Thk velocities of transit of the seismic waves deduced 
FROM THK observations OF RECENT LARGE JAPANESE 
EARTHQUAKES IN ItALY AND GeRMANI’.* 

37. The earlhijuakes and the observing stations . — I shall here 
calculate the velocities of transit of the waves of the following ten 
recent destructive or strong Japinese earthquakes, which were observed 
in Europe. 


TABLE XVI. — List ok large Japanese 

EARTHQUAKES OK RECENT YEARS. 


No. 

1 

1 

i 

Date. 

' Time of occurrence 

j 

j in Tokyo.f 

j Position of the origin. 

j Latitude, N. 

Longitude, E. 

I i 

;March22nd, 1894 

1 ** 

! 7. 

27. 49 p.m. 

42* 

0' 

146* 

0' 

11 : 

J une 

15th, 1896 

1 7. 

34. 14 p.m. 

: 39 

0 

143 

20 

III : 

ff 

16th, „ 

1 4. 

16, 30 a.m. 

I 39 

0 

143 

20 

IV 


99 9 9 

8. 

1. 14am. 

39 

0 

143 

20 

V 

Aug. 

3lst, „ 

5. 

9. 33 p.m. 

39 

30 

140 

40 

VI 

Feb. 

20th, 1897 

6. 

49. 23 a.m. 

38 

30 

143 

30 

VII 

Aug. 

5tb, ,, 

9. 

12. 23 a.m 

38 

30 

143 

30 

VIII 

»» 

CM 

1. 

8. 46 a m. 

] 39 

0 

} 143 

0 

IX 

99 

99 99 

6. 

19. 20 a.m. 





X 1 

1 

April 

23rd, 1898 

8. 

37. 0 a,m. 

39 

0 

142 

45 


Of the ten earthquakes, No. I was the great Hokkaido earth- 
quake ; No. II the earthquake which caused the great sea waves 
along the north-eastern coast of Japan ; Nos. Ill and IV the after- 


* This is the trant>lation of a note by the present author written in May 1999 and pnUish- 
ed in Vol. XXIX of the Reports (Japanese) of the Earthquake Investigation Committee, 

t The time is given, in the First Normal Japan Time, namely that of long. 185* E. 
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dbodn of No. li ; and No. V the great Rikti-u earthquake. The 
.MMining five earthquakes Noe. VI to X were each strongly felt in 
Hie eaatem coast of the north of Honshiii (Main Island); Nos. VI and 
Xi having caused some daningt*. Nos. VIII and IX had the same 
origin and are therefore treated wmjoiiitly. — All these earthquakes, 
with the exception of No. W were of sulxiceanic origin and the 
porition of their origins were determinwl from the study of the 
iaoaeismal lines. 

The European oh8ervatif)ii8. from which the velocities are 
calculated, have been taken from the Bolleltiuo drlla Socteld Sismologica 
Italiana^ except in the aise of e<jke No. VI which was observed by the 
present author at Potsdam, as alnsidy notwl in § H3. The jdaces 
of observation are given in the following 'fable. 


List op the Ohseuvatouiks. 


Place. 

1 

t 


Approximate position. 


Latitude, N. i 

Longitude, E. 

Tokyo. 

35* 

41' 

139* 

45' 

Padova. 

45 

24 

11 

54 

Ischia. 

40 

4G 

13 

59 

Pocca di papa. 

41 

46 

12 

42 

Borne. 

41 

54 

12 

29 

Verona. f 

45 

27 

10 

59 

Pavia. 

45 

11 

9 

9 

Catania, 

37 

29 ' 

15 

4 

Siena. 

1 

43 

20 1 

1 

11 

20 

Potsdam. j 

52 

23 1 

13 

4 


38. Method of calculation . — The velocities were obtained by 
dividing the difference of the distances of Tokyo and the Italian (or 
German) stations from the earthquake origin by the corresponding 
deference of the times of arrival of the seismic waves. The calculation 
is nude with respect to the commencements of the Ist and 2nd 
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preliminary tremors and of the quick-period phase of the principal 
portion ; these three diiferent epochs correspond respectively to the 
1st phase, the 2nd phase and the phase of the maximum motion in 
the reports of the Italian seismologists, and the times of thier 
commencement have been found, with the exception of eqke No. VI, 
from the detailed description given in the Bollettino already quoted. In 
accordance with the notation of § 34, let us call the three velocities 
respectively c, r, and r,. 

In the following, the time given is Greenwich mean time, 
counted from 0 to 24 hours. Following abbreviations are used : — 
/,=time of comroenceinent of the 1st P. T. 

.1 I) tt t> »» 2nd P. T. 

t*— , „ „ „ quick-period phase of the 

principal portion. 

^ 1 = duration of the 1st P. T. 

» >• *’he 2nd P. T. and of the initial pitaae of the 

principal portion, 

j'=distance between the earthquake origin and an observing 
station. 


39. Eqke No. 1. 


Place. 




X 


y^» 

Padova. 

h m ■ 

10. 40. 55 

ll zu ■ 

h m ■ 

9280 

m 


m 

1 





1 


Sisna. 

10. 37.11 

10. 47. 47 

11.15. 11 

9485 

10. 

36 

27. 

24 

Kocoadipapa. 

10. 37. 00 

10. 48. 

11. 8. 

9580 

11. 

0 

20. 


Borne. 

10. 37. 20 

10. 48. 

10. 58. 

9570 

9. 

40 

11. 

0 

Tokyo. 

10. 27. 49 


mean. 

8690* 

885 

10. 

25 

19. 

28 








(* Padova excepted.) 

The for Padova is somewhat different from those for the three other 


Italian stations and is consequently rejected in the calculation of the 
velocities. For t?, we have 
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( Siena. 

Boticadipapa — Tokyo=9" 21*; 
Borne. 


Distance difference : mean 
869{y“ 


( 


— Tokyo=8690 km. 


.2|v =l5,5 km. per sec. 

Similariy comparing the means of and X for the same three Italian 


stations and the corresponding quantities for Tokyo, we obtain : — 


v„ 


8690 ^ „ „ . 

=r ^ 6(f ~ 

_ 8690*“ _ 

~ 39 “ 15 * •’ •• •' 


40. EqJu Nm. II, III ami IW 


No. 

1 

f 

Time of : 

1 


Place. 

1 

occurrence. 

U 

X 



Padova 

lo** 40“ 57* 

11“ 17“ 17* 

9450 km. 


Bocca di papa 

10. .56. 18 ’ 

11. 20. 0 

9720 

n 

Itome 

— 

11. 19. 0 ' 

9720 

Ischia 

10. 50. 29 

11. 22. 0 

9760 


! 

1 

1 

mean 

11. 29. 40 ' 

9003 


Tokyo j 

10. 34. 14 

1 

— 

487 


Padova ! 

1 

19. 28. 41 ] 

20. 3. 33 1 

9450 


liocca di papa 

' 

20. 3. ! 

i 

9720 

m 

Borne 

19. .50. 45 

20. 4. 15 

9720 

Ischia 

19. 38. 47 

— 

9760 



mean 

20. 3. 30 

9603 

• 

Tokyo 

19. 16. 30 

— 

487 


Padova 

23. 13. 27 

23. 49. 40 

9450 


Bocca di papa 


23. 46. 


IV 

Ischia 

23. 23. 23 

23. 49. 15 


* 


mean 

23. 48. 20 

9643 


Tokyo 

23. 1. 14 


487 
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The times of occurrence at the Italian stations dd not well agree 
with each other and accordingly the y, and yjj cun not be determined. 
In each case, however, the time of occurrence at Padova was earlior 
than at other places and is therefore shall be assumed to correspond 
to For r, we have, by taking the distance and time differences : — 

( Padova — Tokyo) 


Eqke No. II 


8960 kin. 
12“ 4;i* 


J 1,7 km. per sec. 


r = 89^0 =100 

‘ 12 “ 11 * 


. 89(50 km. _ , « 

fi *. i V ; Vi yijui ,, ,, ,, 


mean ri=l 2,2 „ „ „ 

With regard to tin* observations at the Italian stations well agre 
with each other. Hence we obtain : — 


Kqke No. II : 


f Padova | 

mean j Eocca di papa 1 — Tokyo. 
[ Ischia I 

9176 km. o .j,. 1 

45m .JO- 


Eqke No. Ill : 

[ Padova 

mean \ Kocca di papa — Tokyo. 
( Rome 

km. per sec. 

Eqke No. IV : 

Padova 

mean - Bocca di papa — Tokyo. 
Ischia ) 

9166 km. o 0.4 1 
®»= 47m — gi-=3,24 km. per sec. 
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Tbe mean of these three values gives 


V,— 8,34 km. per sac. 

41 . y. 


Place. 

> 

f, 

1 

<5 

i 



! 

i 

X 

Vi 

1 Vi* 

1 

i 

b m ■ I 

h m 

a 

b 

m 

• i 

km 

m 

■ 

1 m 

■ 

BoecMtdi papa 

8 21. 3U 1 

1 

8. 3X. 

30 1 

9. 

3. 

4o; 

9550 

11. 

30 

• 31. 

10 

iCome 

8. 21. 15 

1 

8. 31. 

10 ; 

8. 

58. 

20 I 

9550 

9. 

55 

27. 

10 

laehia ! 

a so. so i 

8. 32. 


8. 

57. 


9580 

11. 

30 

‘ 25. 

0 


8. 2S. 24 ! 

8. 32 

24 > 




9810 



— 

— 

1 

mean | 

8. 20. 55*1 

S 

8. 32. 

1 1 

8. 

59. 

40 I 

9025 

i 10. 

58* 

27. 

47 

Tokyo 

8. 9. 33 . 

1 

— 

» 

i 



f 

431 

1 _ 

1 

- 

- 

— 


(* Catania oxcept4;d) 

The at Catania, 'which is much different from thos(‘ at other 
places, is rejected in the calculation of r,. We have 


km km 

_ 9560-481 

a® 20“ 55* — 8“ 9“ 38* 


_ 9625-431 

*** 8^2“ 1* — 8'' 9“ 33’ 


km 

9129 

- j i“ 

9194 

- 22 “ 38 * 


= 13,4 kiu. per sec.; 
=6,77 „ „ „ 


_ 9560-431 

*’* a" 59“ 40* —8** 9“ 33* 


_ 9129 

~ '50“ 7* 


= 3,05 


91 


99 99 


42. Eqke No. VI. 


Place. 

Time of 
Occurrence. ! 

i 

iu : 

<. i 

1 

1 

X 

y\ 


Padoxa 

b m • 
20. 51. 23 

— 


km 

9600 

— 

■ ■ 

Verona 

20. 58. 

- 

- 


— 

- 

Pavia 

— 

h m ■ 
21. 42. 12 

— 

9640 

— 


Rooea di papa 


21, 11. 

■ . 

9790 

— 

_ 

Bome 

20. 59. 50 

21. 11. 45 

— 

9790 

m s 

11. 56. 

— 

lacbia 

21. 1. 25 

21. 6. 11 

— 


3. 46. 

— 

Catania 

— 

21. 5. 25 

— 


— 

— 

Potadam 

21. 1. 6 

21. 11. 0 

b m • 
21. 87. 5 

8985 

9. 55. 

m • 

26. 5. 

Tok^ 

20. 49. 28 

— 

— 

469 

— 

— 
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As, in this case, the observations in Italy do not widl agree vritib 
each other, I shall calculate the velocities simply from the comparisoai 
of the observations at Potsdam and Tokyo. 


®i 


8516 km. 
11“ 42* 


= 12,1 km. per Sec.; 




8516 


21“ 67* 


-= 6,6 


_ 8516 _ on 

®» 47 m 42* ” 


43. Eqke No. VIT. 


Place. 





^2 


1 

1 

X 

yi 


h 

m 

B 









Padova 

0 . 

24. 

0 







9500 km. 

. — - 





h 

m 

■ 


m 

■ 


m ■ 

Rocca di papa 

0 . 

2i. 

52 

0. 

35. 

20 

0 . 

45. 

10 

9790 

10 . 28 

Rome 

0. 

23. 

55 

0 . 

34. 

35 

0 . 

58. 

30 

9790 

1 

Ischia 

0 . 

24. 

33 




1 . 

2. 

5 

9820 

— 

Catania 

0 . 

24. 

53 

0 . 

35. 

4 

1 . 

2. 

30 

10040 

10 . 11 

mean | 

0. 

24. 

27 

0 . 

35. 

0 

0 . 

57. 

39 

9788 

10 . 26 

Tokyo 

0 . 

12 . 

23 







469 

— 


The velocities are calculated as follows ; — 


®i= 


9319 km. 
12“ 4» 


= 12,9 km. per sec.; 


»,= _ 


9404 


22" 37* 


6,9 „ 


>9 9 


9391 _ OK 

* 45“ 16* 


99 99 99 
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44 . Not. VIII and IX. 


Ho. 

Place. 

Tiiue of * 

occtttTHnce. . 


■n i 

1 X 

\ 

i 

i 

Fi 


Roocadi papa 

h 

u;. 

CD 

44>. 

■ h 

30 ' 17. 

w* 

S.* 1 9710 km. 

m • 

1 10. S. 

1 

vni 

lacbm 

i«. 

24 

19 ; 

— 

9740 



Tokyo 

iii. 

K 

4/5 

— 

489 

— 


Kooca di papa 





9710 


IX 

Kooio 


41 

aj 




Ischia 

LM. 

41 

29 





Tokyo 

21. 

19 

20 


48f) 


F 

dr eqke No. VIII, 

lot 

118 

assume 

the 

times of •H*eurreiice at 


Ischia and Rocca di pipa to ix*present respi*<‘tivc;ly the t. :iri<i We 
have then : — 


9'2G0 krn. ,, ,, , 

''*= yrn. «''c ; 


9230 ^ , 

47“ 4\>* ' ” ’’ ” 


For equke No. IX, let ns assume tlie time of occurrence at Rocca 
di papa to represent an I those at Rome and Ischia t.,. We have 

then : — 


_ 9245 km. .. , 
®*=-:777u~jr,i, P“'' sec.; 


4b“ 4U“ ” ” 


Xaking means of the results obtained from these two earth(|uakeS) 
we obtain : — 

®2=8,4 km. per sec. 

■( tJj— 3,3 ,, ,, ,, 


99 
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45. Eqke No. X. 


Place. 

i 

^1 


X 

1 

y% 

Borne 

h m • 

h m 1 

km 

« 

0. 48. 24 

0. 53. 0 


? 

Bocca di papa 

0. 49. 30 

1. 0. 


- “ • 

10. 30 

Ischia 

0. 61. 0 

0. 59. 20 


8. 20 

Catania 

0. 48. 58 


9980 

— 

mean 

Tokyo 

0. 49. 28 

0. 37. 0 

0. 37. 54 

m 



We have 


__ 9370 km. 
12“ ‘28*~ 


= 12,5 km. per sec. 


46. Suvmarij of results . — The results obtained above are collected 
in the following table. 


The transit velocities r, t'j fj, between Japan and Italy. 


No. of Eqke. 





km. per huc. 

km. per bw. 

km. per lee. 

I 

15,5 

7.3 

3,67 

II 

11.7 

— 

3,36 

III 

12,2 

— 

3,41 

IV 

12,0 


3,24 

V 

13,4 

6,77 

3,06 

VI 

12,1 

6,6 

3,0 

VII 

12,9 

6,9 

3,5 

VIII 

IX 

X 

12,5 

[ 8.4 

8,2 

mean 

12,8 

7,2 

3,3 
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Thm we obtun, for the transmission of snsmic waves between 
JupHiand Europe, 

0 |S=r 2,8 km. per sec. 
c,=s 7,2 „ „ „ 

t?,= 3,3 ,. „ 

The mutual relation of the three velocities are as follows : — 

The duration of the 1st preliminary tremor, j/„ meaned from 
eqkes Nos. I, Y and VIl, observed in Italy is 10" 3*, the correspond- 
ing mean distance between earthquake origin and the places of obser- 
vation being 9580 km. 




Plate XX. 

Seismograms from Professor J. Milne’s 
Horizontal Pendulum Apparatus. 

(a). K;n*tli(|uak<‘ of 1st 1898. 

( at Sliide). 
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Introduction. 


The present compilation, which is to be regarded as a 
supplement to Section II of the pieceding volume, contains 
analysis of the diagrams of 246 earthquakes observed in Tokyso, 
between July 1898 and Dec. 1899, by means of the horizontial 
pendulum seismographs with mechanical registration. 

The 246 earthquakes, which are numbered in order of date, 
are divided according to their origin into the following nine 
groups,* 

Group I. Distant Earthquakes, 

Group IL Earthquakes which originated ofif the easteiiR 
coast of Hokkaido (Island of Yezo). 

Group III. Earthquakes which originated off the north- 
eastern coast of Honshiu (Main Island). 

Group IV. Earthquakes which originated off the coasts' 
of the provinces of Hitachi and IwakL 

Group V. Earthquakes which originated ofl me soum> 
ern coast of Honshiu (Main Island). 

Group VI. Earthquakes which originated in Eiushin 
or off its eastern coast. 

Group VII. Earthquakes which originated in central 
J apan. 

Group VIII. Local earthquakes : — 

(a). Those observed at several places. 


* See Preface and Section H, No. 6 of the Afe&ftaaflkmc. 
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(ft). Those observed in Tokyo and at one other 
place. 

(c). Those observed only in Tokyo. 

Oronp IX. Earthquakes of miscellaneous origin. 

All tile seismograms described below were obtained, unless 
otherwise stated, from the horizontal pendulum seismographs A 
and B set up in the brick ** earthquake-proof house '* in the 
University compound. Bongo, Tokyo,* (long. 139® 44' 30" E, lat 
35* S9' 15" N) The specifications of these instruments are as 
loDows. — 

Horieontal Pendulum A : E\V component. 

Period** of free oscillation of pendulum = 28 b. 
Multiplication-ratio of pointer =10. 

Weight of heavy cylinder=14 kg. 

Length of horizontal strut, or distance between 
centre of heavy cylinder and point of support 
=1 m. 

Vertical distance between points of support and of 
suspension =2,5 m. , 

Horizontal Pendulum B : NS component . — 

Period of free oscillation of pendulum =17 s. 
Multiplication-ratio of pointer =8,2. 

In other respects, this apparatus is exactly similar 
to the apparatus A. 

IntiiCtiiree cases of eqkes Nos. 234, 236 and 237, where 
the records from the a|q>aratus A were not satisfactory, I have 

* ThflM hiotrumentB are detoribed in Seotjon IH of the {present Author’s 
* *' Horizontal pendulum, etc.” Yol. ^ Jour. Coll. Se. Imp. Unir. 

** Iht term period is need alwajs in the sense of ]/he oomplete period. 
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substituted those from the newly constructed long-period hoi^Slii^ 
ta1 pendulum apparatus C, also set up in the ** *** earthquake'{HI|pf: 
house,” of the following specifications.* — 

Horizontal Pendulum C : EW component . — 

Period of free oscillation of pendulum = 120 s. . 

Multiplication-ratio of pointer= 10. 

Weight of heavy cylinder =7 J kg. 

Length of horizontal strut =1 m. 

Vertical distance between points of support and 
suspension =2,65 m. 

I have analysed each of the diagrams of the 246 earthquakes 
on the assumption that the waves reccffded are horizontal 
menu and not tiltings of the ground** ; that is, the range of 
motion or double amplitude was in each case deduced by divid- 
ing the actual trace on the seismogram by the multiplication- 
ratio of the pointer. Should the reader assume the movements 
to be due to tilting, he can at once obtain the magnitude of the 
recorded trace by multiplying the results given by the multiplica- 
tion-ratio of the pointer. 

In the description oNihe seismograms, the motion is general- 
ly divided into the three successive stages of preliminary tremor, 
principal portion and end portion. In many cases the preliminaiy 
tremor is further divided into two successive epochs of let pre^ 
Uminary tremor and 2nd preliminary tremor.**'^ The EW and 
NS component diagrams, though sometimes treated of conjcuntly, 
are generally taken separately and one of the componeifb diagrams 
described mora fully than the other, the preference being, given 

* Describejgl in Section Ih No. Y of iha'l PublicaJtma. 

** See Section V, No. Y of tbe PtMiodiionH. 

*** See Section II, , , 



lo that which was bettor recorded. The durations of the Igt and 
gndpreliminarff tretnarx and of the principal portion as well as 
the average periods of waves in the different epochs of the 
earthquake motion, given in Tables II to X. Nu. 5 of the publica- 
ftotu, are the values obtained by taking the means from the EW 
and !NS component diagrams. 

i UM tlie terms vyave$, vibrations and undulations all in the 
sense cff periodic mooetnenis^ 'with this distinction ; — vibration. 
dencfte waves of quicker period, while undulattons denote those of 
slower period. 

Abbreviations used in the following descriptions of the seis- 
mograms are as follows. — 

P.T Preliminary tremor. 

Ist P.T Ist preliminary tremor. 

2nd P.T 2nd „ „ 

P.P Principal portion. 

E.P End portion. 

• 2a Double amplitude, or range of motions 

P.O Pulsatory oscillations. 

Fmr most' of the earthquakes of the Groups II to IX, the 
times of occurrence and the intensities* as reported from several 
Meteorological Observatories are also given. — In the whole Empire 
there ode at present 78 Meteorological Observatories, most of 
which are furnished with the ordinary seismographs of the 
Gray-Milne type. Their positions are given in the following 
Table. 

Tbe of ordinary non-destructive earthquakes is indicated as 

weak or dighL A fUight shock U one which is very feeble but just 
•sinmg enough to be felt; a loaak sbock is one whose motion is well pronounc- 
ed not so severe as to cause general alarm ; and finally a ntroiig shock is 
one .wbi6h is sufficiently violent to knock down articles of furniture, to cause 
pM^Re to run out of doors, etc. 
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LIST OF METEOROLOGICAL OBSERVATORIES. 


Locality. 

Latitude 

N. 

Longitadii,, 

E. ■ ' V 

Tokyo 

O 

35 

/ 

41 

o 

139. , 

Hiroshima 

34 

23 

132 

?7 

Matsuyama 

33 

50 

132 

46 

Tadotsu 

34 

17 

133 

46 

Kobe 

34 

41 

135 

11 

Osaka 

34 

42 

135 

31 

Kumamoto 

33 

48 

130 

42 

f 

Nagasaki 

32 

44 

129 

62 

Fukuoka 

33 

35 

130 

23 

Nagova 

35 

10 

136 

63 

Hakodate 

41 

46 

140 

44 

Sapporo 

43 

4 

14L 

21 

Nerauro 

43 

20 

145 

35 

Taihoku 

25 

4 

' 121 

28 . 

Ishigakishima 

24 

20 

1 ^ 124 

7 

Naha 

26 

13 

127 

41 

Oshima 

28 

23 

129 

30 

Kagoshima 

31 

35 

130 

33 

Miyasaki 

31 

56 

131 

26 

Kochi •* 

33 

33 

133 

32 

Tokushima 

34 

6 

134 

37 

Wakayama 

34 

14 

135 

9 

Oita 

33 

14 

131 36 

Kure 

34 

14 

. 132 . ‘S^-^ 

Ajino 

34 

20 

1 133- 








Latitude 

N. 


Longtode 


, . O 

Okayama 34 

Shioya 34 

Kyoto 35 

Yagi 34 

Saga 33 

Sas^ho 33 

Itaogahara 34 

Akamagaseki 33 

Hamada . . 34 

Sakai 35 

Hikone 35 

Gifti 35 

Tbq 34 

HamamatBU 34 

lida 35 

Mataamoto 36 

Kofu 35 

Nomaza 35 

Nagatsoro 34 

Yokosuka 35 

Yokohama 35 

‘ Hera 34 

Choshi.., 35 

36 

Kttmagae * . 36 

Hf^p^hashi 36 

Utifonondya 36 
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Locality. 

Latitude 

N. ! 

Longitude 

E; 

Fukui 

O 

36 3 

1 

O 

136 19 

Kanazawa 

36 

33 

136 

40. 

Wajima 

37 

23 

133 

58 

Foshiki 

36 

47 

137 

3, 

Takayama 

36 

8 

137 

16 

Nagano j 

i 36 

40 

138 

10 

Niigata 

37 

55 

139 

3 

Yamagata 

38 

14 

140 

17 

Akita 

39 

41 

140 

6 

Fukushima 

37 

45 

140 

24 

Ishinoinaki 

38 

26 

141 

19 

Miyako 

39 

38 

141 

59 

Aomori 

40 

51 

140 

45 

Suttsu 

42 

48 

140 

13 

Soya 

45 

31 

141 

55 

Erimo 

41 

55 

143 

r 

16 

Tokachi 

42 

55 

143 

12 

Kamikawa 

43 

47 

142 

22 

Kushiro 

43 

23 

144 

28 

Abashiri 

44 

1 

144 

17 

Koshun 

22 

4 

120 

47 

Tainan 

22 

59 

120 

12 

Hokoto 

23 

33 

119 

34 

Taicha . 

24 

1 

2 

120 

40 

Ashio 

36 

40 

^39 

20 

Kanayama 

37 

63 

140 

49 







Horuontal Pendulum (Hnenrations of Earthqnalm, 
Jnlj 1898 to Dec. 1899, Tokyo,* 


GBOUP I . — Distant Earthquakes. 

Eqkc No. 2. July 15tL, 1898; 1898; 2h 6m 14s a.m. 

Total dnratiou=lli 4m. 

(NS component). 

The 1st P.T., vrhose duration was 6m 40s, began \ery gradually and 
consisted essentially of regular vibrations of an average period of 4,9 b, 
not superposed on slower undulations. The max. 2a was 0,02 mta. It 
may be added that there existed no P.O., so that the commencement ' 
of the earthquake was quite sharply defined. 

The 2nd P.T., whose duration was 7m 85s, was charaoterieed by 
the appearance of slower and larger undulations. During the first dm 
the waves were regular and had an average period of 9,58. For 
the next Im, the amplitude was small and the average period was 3,18. 
Later on waves of an average period of 8,1s predominated. A max* 
imum motion of 0,1 mm occurred at 2m 6s from the commencement of 
the 2nd P.T., movements slightly larger than this also occurring toward 
the end of this epoch. 

The P.P. began with well defined regular undulations which lasted . 
for 2m SSs, and whose average period was 10,8 b, the max. 2a of 0,68 
mm occurring at 2h 2m 27s. Then followed an interval of rest, ‘ 
oomprised six small waves of an average period of 8,1a The 

* The time is given in the Elist 2Toxmel Japan Time, namely, that loni^tada 
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iwsiaHun epooli begn mt SQi 80m 14b uid iMted for 2m ; the BTerage 
jliwinil -being 11,0 b, end * mnidmnm 2a of 0,45 mm oooariing at 11m 

4 

2i from the Btari. Thia wbb followed again br an interval of reat, 
‘aHueh lasted for 36a, and oonaiated of small waves of an average period 
of 7,2b. The 8rd maumnm epoch began at 2h 32m 55b and oonaiated 
. of waves of an average period of 9,2s, the maximum 2a being 0,35 mm. 
So far may be regarded as the P.P., which thns lasted for 7m 54e. 
The B.P. oonaiated of regolar undulations, with occasional slight 
l%e average period, deduced from fire sncoessire groups of 
50 vilMtations, was as follows : — 

8,6b (at the commencement) x 

9.2 

8,8 t (General mean') 

9.3 

8,5 (towards the end) / 

In the P.P. and the £P. the diagram shows a series of maximum 
movementa, whose times of occurrence, counted from tlie commencement 
of tike PJP., are as follows : — 


m s 

0.34 

m s 
21.32 

1.67 

22.18 

5.03 

23.56 

6.25 

25.16 

7.47 

26.23 

9.37 

27.29 

12,02 

29.29 

13.22 

31.25 

14.41 

32.01 

ia32 

32.48 

17.20 

33.55 

19.29 

35.05 

20.13 

36.03 
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m s 

37.11 

m B 
44.14 

38.45 

4SM 

40.30 

47.21 

41.39 



(EW compoueutj. 

The let P.T., whose duration was 8m 2s, began graduallj wiiih Boudl- '' 
vibrations of an average period of 5,0s. The max. 2a was 0,02 mm. 

The 2nd P.T., whose duration was 6m 53 b, had an average period of .' 
8,7s, tliere being also some slight traces of slow'er undulations. The max. 
2a was 0,13 mm. 

Tlie P.P. Tlie max. 2a of 0,35 mm. occurred at 2h 10m 488. T3» 
average period deduced from six successive groups of 50 vibra^mB^ 
was as follows : — 


9.0.S (at the (Commencement) 

7.9 

8.9 
9,4 


(Geneml mean) 
9,0s. 


9,8 

9,0 (towards tlie end ) / 


In the P.P. and the E.P. the diagram show’ed a series of altematioim 
of more or less distinct max. and min. epochs. The times of ooouixenoe 
of the successive maximum movements, counted from the commenoement 
of the P.P. were as follows : — 


m s 

0.37 

m s 
7.57 

2. 7 

9.20 

3.46 

11.18 

4.43 

12.35 

5.53 

13.57 

7.27 

15.67 



at a 

17.14 

m a 

38.10 

iBser 

24.U 

19. 7 

25. 0 

19.54 

25.39 

20.27 

26.42 

21.40 

27.48 

12.24 

etc., etc 


No, 11. Axigaai 8Ui 1898 ; ili 57m 35b p.m. 

Total diizati<m=lh 20m. 

This Braa a laige earthquake at a great distance. 

(N8 oompooent). 

The P.T., whose duration was 7m 7s, began very graduallr with 
tifaratiaina of an aTerage period of 4,2s, superposed on alower undulations 
of an average period of 9,38. 

The PJP. lasted 17m and consisted essentiallj of two series of waves 
whose average periods were respectively 16b and 10,2s. The max. 2a of 
Ofi mm (pgriod=13,28) occurred at 5h 17m 55s, and a second max. 2a of 
0,85 mm (period =13,6b) at 5h 23m 23s. 

l%e EJP. The average period was 11,1s. 

(EW component), 

Hie P.T., whose duration was 6m 44s, consisted of small but well 

* 

dnfinnd vifarations an average period of 7,4s. 

The PJP. began with 9 slow undulations which occupied 3m 128 and 
hadim average period of 21,28, the largest 2a being 0,25 mm. During 
tb9 next 3m Ss the motion remained small and had a shorter average 
period of 13,6s. The followed the most active groups d vibrations, whose 
niax. (ebs;) 2a was 0,35 mm, and average period 10,8s. 

The EJP. The average period was 9,8s. 

JBSjte No. 22. September 1st 1898 ; 5h Om 57 b aju. 

Total dniation=:lh 45m. 

Hiie was a large earthquake at a great distance. 
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(NS oompcment). 

The let F.T. lasted for 8m 460. During the tot 1& 40a 
was vexy small (max. 2a=0,06 mm), the ayenge period 
Daring the remaining 7m, the amplitude which was huger (max. 

0,2 mm) remained nearly constant ; the motion oonais&ig of TihirnAinit|ir 
of an average period of 7,2s superposed on traces of others of avexh^ 
periods of 13,4e and 3,9a. 

The 2nd F.T. lasted fan 34e. The amplitude remained neaily con- ' 
stant (max. 2a=0,45 mm) and the principal average period was 13,9 b.. 
Towards the end there were some slow undulations of an average period 
of 24,3s. 

The A. , lasted 13m 20s. The motion was especially huge during 
the first 7m 30s, wliich comprised three separate groups of -vibrations, 
the second one liaving the greatest 2a of 8,1 mm. In each of these 
groups the motion gradually reached a maximum, probably on account 
of tlie synchronism of the pendulum with the shakings of the ground, t|ie 
average period being 16,6s. In the remaining portion of this epoch, the 
average period was 12,8s. 

The E.F. The average period deduced from four successive groups 
of 60 vibrations, taken at the commencement, was as follows : — 


9,9s (at the commencement) 
11,5 
11,9 

11,5 (near the end) 


I 


(General mean) 
11,2s. 


(EW component). 

The Ist F.T. lasted 8m 45s. During the tot Im 37s the motion 
was very small, the average period being about 5s. During, the remaia*- 
ing 7m 7s, the motion which was larger (max. 2a =0,25 mm) reawaaftd' 
nearly constant or rather greater in the earlier than in the later«iMML 
The average period was 7,7s. 

The 2nd F.T. lasted for 4m 47s. The metx. 2a was 0,4 mm 



'^fibeipal «i«i«ge period 14«5e. Towaida the end there were tmoes of 
Jknr tmdabtMNUi ct an nramge period of 86e. 

The PJP. laeled fbr 9 bi 45b, the metiou being particularly active 
for the firei 5m. It began with four alow nndulatiouB ,whidi lasted for 
Im 4fti and had an aveiage period of 27,3b ; the second wave having the 
max. 2a of 8,0 mm. The following five waves had a quicker average 
period of 16,8s and lasted for Im 24e ; the third one having the max. 2a of 
3,2 mm. Tlwn tiie vibraiknis became still quicker and had an average 
period of 11,3 b ; the second one having the max. 2a of 2,6 mm. 

The B.P. The average period, measured at tlie commencement, was 

U^fe. 

Eqhe No. 23. September 1st 1BU8 ; 6h 2in 17s p.m. 

Total duration = 50m. 

omnponent). 

The P.T. lasted for 3m lls, tlie motion being rather gieater in the 
eariier and middle parts than in the end. The max. 2a wa.s 0,35 mm and 
tiie principal average period 8,58. There were also tnu«s of small vibra- 
tions of an average period of 4,2s. 

The PJ^., whose duration was 12m 54s, began witli two well pro- 
noonoed waves of an average period of 15s, the first of which had a max. 
2a of 1,2 nun. After Im, there appeared quicker vibrations (max. 2a = 

mm) which lasted for Im 41s and had an average iteriod of 4,8s. The 
subsequent motion consisted of quicker waves superposed on slower ones. 

. ^nie E.P. The waves had an average period of 10,l8, being here and 
there superposed with smaller vibrations wliich were probably P.O. 

(EW component). 

T9ie commencement was somewhat confused by the superposition of 
several lines. The P.T. lasted for about 3m 15 b, its max. 2a being 
, 0,24mm. 

The PJP. began with two well defined vibrations (max. 2a =1,1 mm) 
, rihose avmags period was about 21g. These were followed by quicker 
anas, whose avenge period wss 9,6 b. 
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P.O. There existed slight P.O., whose average period Nsie £,&!. 

The following observations at Naha and seven other Tffntnnm lOjfl l i M t 


Observatories probably refer to the same earthquakidi : — 

. . fill 67m oOs p.m. 

. . Sli^. 

Oshima 

6. 

0. 5 

Wea^. 

Ishigakijima 

. . 6. 

3. 11 

Strong. 

Tokyo 

. 6. 

2. 19 

. . Slight. 

Knmagae 

. 6. 

2. 20 

■ • 99 

Mito 

. . 6. 

2. 24 

• • 99 

Taihoku . . 

. . 5. 

58. 50 

Weak. 

Taichu 

5. 

46. 0 

Slight. 

Et/ke No. 24. 

September 4th 

1898 ; Oh 26m 49s a.m. 



Total duration = 36m. 
(NS component). 


The P.T., whose dmation was 7ni 40s, consisted essentially of vibra- 

I 

tious of an average jieriod of 9,6s, superposed with small ones of m 
average ^reriod of 4,2s. These latter were probably P.O. ■ 

The P.P., whose duration was 7m 47s, consisted of undulauons oi av. 
average period of 14.5s ; the introductory movement having the max. 2a of 
0,16 mm. The amplitude i-emained nearly constant during the first 4m 
45s. 

The E.P. consisted of quicker vibrations whose average period was 

9,6s. 

(EW component). 

The P.P., whose duration was 7m 62s, consisted during the first 2m 
12s of slow vibrations of an average period of about 13, 2s. The sueoediug 
waves had essentially an average period of 9,68. The max. 2a was 0,1 mm. 

P.O. There existed slight quick P.O., whose average period, 
measured Ih before the earthquake, was 3,9s. 

Eqke 2^o, 29. September 14th 1898 ; 3h 2m lOs a.m. 

Total duration = Ih. 
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M»niee fWfkd 14^ Tomud^ the end tiierA were traces ci 
4to» of «n wieisge peiM 

The Pf . lasted tor 9m 45b, the isoUou being particnlarlj active 
for the fixai 5in. It began with foor alow undulations .which lasted for 
Im 4fti and had an average period of 27,3s ; the seoand wave having the 
IBM. 2a of 8,0 nun. The following five waves had a quicker average 
period of 16,8b and lasted for Im 2 £a ; the third one liaving the max. 2a of 
33 Bini. l%en the vibratioiis became still quicker and had an average 
period of U,3b ; the eeocmd <»e having the max. 2a of 2,6 mm. 

The EJP. The average period, measured at tlie commencement, was 
10,44k 

No, 23. September let 1898 ; 6]i 2m 17s p.ni. 

Total duration— 50m. 

(NB oomponent). 

The P.T. lasted for 3m 148, the motion being rather gi«ater iii the 
esi^r and middle parts than in the end. The max. 2a w as 0,35 inm and 
the prinii|pal average period 8,58. There were also tnu«K of small vibra- 
tiotts of an average period of 4,28. 

The P.F., whose duration w'as 12m 54s, began w’ith two w'ell pio- 
noonoed waves of an average period of 158, the first of wliich had a max. 
2a of 1,2 mm. After Im, there appeared quicker vibrations (max. 2a = 
tl«5nin) which lasted for Im 41s and had an average iieriod of 4,88. The 
■BU hn e q uent motion consisted of quicker waves superposed on slow'er ones. 

•The SLP. The waves had an average period of 10, Is, being here and 
there superposed with smaller vibrations which were probably F.O. 

(£W component). 

The csnunencement wae somewhat confused by the superpositiau of 
Bsvanl lines. The P.T. lasted for about 3m Ids, its max. 2a being 

034 mm. 

13ie PJ?. began with two well defined vibrations (max. 2a=l,l mm) 

. vAme average period was about 21s. These were followed by quicker 
COBB, whose average period was 9,6 b. 



ROBIZONTAL PEKDULUX OBS^VATIONB OF SABfBWASBI. 


P.O. There existed slight P.O., whose ainerage period wee 5c^ 

The following observations at Naha and seven other Meteowtogtei^ 
Observatories probably refer to the same earthqiuli^ : — 


Naha 

5h 57m 50s p.m. 

SHg^. 

Oshima 

6. 

0. 5 

Weak. 

Ishigakijima 

.6. 

3. 11 

Stroog'. 

Tokyo 

. 6. 

2. 19 

Slight. 

Kumagae . 

. 6. 

2. 20 


Mito 

.0. 

2. 24 


Taihoku . . 

. . . . o. 

58. 50 

Weak. 

Taichu 

. . 5. 

46. 0 

Slight. 

Eqlr No. 24. 

Septeiul)er 4th 1898 ; Oh 26m 49s a.m. 


Total duration = 36ni. 



(NS component). 


> 

The P.T., 

whose duration was 7m 40s, consist^ essentially oi vibra- 

tious of an average jAeriod of 

9,6s, superposed with small 

ones of an 


average period of 4,2s. These latter Avere probably P.O. 

The P.P., whose duration was 7m 478, consisted of undulations of an 
average period of 14,58 ; the introductory movement having the max. 2a of 
0,16 mm. The amplitude remained nearly constant during the first 4m 

45s. 

The E.P. consisted of quicker vibrations whose average period was 

9,5s. 

(EW component). 

The P.P., whose duration was 7m 628, consisted during the first 2m 
12s of slow vibrations of an average period of about 13,2 b. The sucoeding 
waves had essentially an average period of 9,5s. The max. 2a was 0*1 mm. 

P.O. There existed slight quick P.O., whose average period, 
measured Ih before the earthquake, was 3,9s. 

Eqke No. 29. September 14th 1898 ; 3h 2m lOs a.m. 

Total duration = Ih. 



ifehe >wgiwirim as ywtinlly diftMd, the indlial motion beiqg 0,09 

'uyik fi 

41|PPI tCuWalQB D* 

“I Hw hA P.T., wlwm dvnEtion mm 8m 96b, oonsistod woiiHnlly of 
^tamU iraU dafinod quick Tibrations of an average period of 6,78. Ttbobb 
of waves of koger period did not exist. The motion was maximum at the 
commencement, heoenning smallet towards the end. 

The 9ud P.T., whose dnratimi was 10m 26e, was characterised a 
sudden increase in the smplttnde and bj the appearance of slower nndola* 
tioais, whose average period wan 24,66 and whoee max. 2a of 0,2 mm (first 
motion was directed towards S) occurred at the beginning ; the motion 
beoomi]^, as in the let P.T., smaller towards the end. These nndiilaiioDS 
were snperpoeed with quicker vibrationB which formed a oontinnation cf 
those in the let P.T., (average period being 6,9s) and whicli ceased almost 
completdj towards the end of this epoch. 

The P.P. is characterised by the appearance of a series of regular 
akw undnlatians, free from superpositions, and lasted for 10m 34s, the 
saction being most active for on interval of 5m 37 b from Im 28s after the 
oonunei^meut. The first 5 waves were small and had au average period 
■ef 198. ^^Chen Itdlowed seven large well defined undulations of an average 
period of 26s, the (absolute) max. 2a of 0,3 mm occurring at 3h 14m 27s 
aju. These were followed by ei^t smaller (max. 2a=0,15 mm) and 
’ neaiiy equal vibrations of an average period of 22s. The motion then 
tempomrily subsided, becoming again larger towards the end ; these con- 
<dnding vibrations having an average period of 19s. 

In the E.P. again appeared traces of the small vibrations of an 
avenge period d 4,7s. ; these being superposed on slower undulations, 
whrbh wm», however, probably the proper oscillations of the pendulum, as 
the avenge period was 17s. 

The EiW omupement diagram was somewhat obsenred by the snper- 
poaiti<m d seventl lines. The max. 2a in this- direction was 0,2 mm. 

JlTo. S3. September 22nd 1898 ; % 26m lie p.m. 

Total dnxation=8h. 



HOIOZOKTAL PEin>t 7 LUM.QB 81 SVATIO«B OV SABVKJCi^^ P 

TUs was evidently a large earthquake at a ooiiudez«lii|» 

(EW component). 

The Ist P.T., whose duration was 5m 37s, b^an very gradmOfy ’W^’ <: 
small movements of an average period of 3,4 b. After about 2m 
motion became more pronoimced, consisting of waves of an average'l^eliodl'' 
of 9,2s, superposed with others of an average period of 5,4s. The Tf>iat.’2fc 
during this epoch was 0,12 mm and occurred towards the ood of tfaa 
latter. 

The 2n(1 P.T., whose duration was 4m 18s, began with a displaOeasent. 
of 0,28 mm and consisted of undulations of an average period of 13,6 b»' 
superposed by small vibrations of an average period of 5,4 b. 

The P.P.', whose duration was 18m 30s, was well defined and bejj^ - 
with a displacement of 1,25 mm and of period 16,2s. The vibrations ha 
the most active portion, which lasted for 6m 25s, had an average period of 
14,3s ; these Ijeing grouped more or less definitely into slower undulations 
of an average period of 28s, i.e. proper oscillations of the pendulum. . The 
tabs.) max. 2a of 1,9 mm occurred at 3m 17s and also at 5m 8s from th» 
commencement of the P.P., their period being 228. In the part im- 
mediately following the most active epoch, the waves had an aveiVigs 
period of 13,3s, interposed or superposed by smaller waves of an average 
period of 8,5s. 

The E.P. consisted, for the first 6m 48s, of waves of an average period 
of 16,4s, superposed with smaller vibrations of an average period of 8,8 b,' 
After this, the slow period imdulations disappeared, and the motion con- 
sisted entirely of vibrations of the same kind as above mentioned, the 
average period deduced from ten successive groups of 50 vibrations being 
as follows : — 



10 


r. OMOBL 




9.1I 

9^ 

9.9 

9,C 

9.0 

9,6 

9,2 

9,6 

10,0 

10,3 


/ 


(General mean 
9,6s. 


(NS ompcaient). 

The in*T- 2a of 1,9 inni occurred at iiin 3s from the commencement of 

ESqhe No. 35. September 25th 1898 ; 9h 22m 4Gs p.m. 

Total duration = about 30m. 

Thin 'waa an earthquake at a great distance and began very gradually. 
The tune inteiral between the commencement of the earthquake (which 
'miii not quite sharply defined) and the banning of the F.P. was 10m 
60 b. 

Hie eariier part of the P.P. consisted of slow' waves of an average 
period of 20 b. superposed with small vibrations of an average period of 
6^2 b. The wim, 2a was 0,05 mm in the £W and 0,04 mm in the NS 
OQmponent. 

In the E.P., the average period was 10,4s. 

No. 40. October 1st 1898 ; Ih 29ra 12s a.m. 

Total durations about 4m. 

This wras a small earthquake at some distance, the motion being very 

email. 


No. 43. Octpber 10th 1898 ; 7h 35m 39s a.m. 
Total dnrati(ms:48m. 



HOBIZONTAL FEMBULUX OBSBBTAXIONS OF BAXmQUAXm 


m 


The P.T. was not definitely recorded, having been jp] i<| ttbly 
account of the smallneBS of motion. 

This was a small earthquake at a great distance. 

The average period in the P.P. was 228. 

Towards the end, the average period was 14s. 

JSijfie No. 44. October 12th 1898 ; Ih 45m 388 a.m. 

Total duration = 2^ h. 

This was evidently a large earthquake at a great distaaoe. 
Traces of slow undulations contiraied to be seen more or less de- 
finitely for 4| hours after the time interval given above as the total 
duration of the shock. As there was no P.O. before the earthquake ib^' 
shows that the ground remained for several hours in a disturbed state. 
The 1st and 2nd P.T. and the P.P. were aU well defined, the veiy initial 
motion being 0,1 mm towards Is and 0,08 mm towards E. 

( Is S component). 

The 1st P.T., whose duration was Oni 3s, consisted essentially of 
waves of an average period of 9,1s, superposed with smaller 'vibrations of 
an average period of 4,.5s (2a = 0,1 ram). The max. 2a of 0,2 mm oocturibS 
at the conmiencenient, the motion lessening towards the end of this epochs 
Traces of vibrations of longer period did not exist. 

The 2nd P.T. whose duration was about 2^m, was marked by an 
abrupt increase in the amplitude and consisted essentially of vibrationa of 
an average period of 7s, superposed on slow undulations of an average 
period of about 15s ; the max. 2a of 0,25 mm being the first motion of tibia 
epoch, directed towards S. 

The P.P., whose duration was 6m 268, began at Ih 63m 57 b a.m. with. 
iU defined traces of slow undulations of an average period of 37,6a, aiqmv 
posed with other irregular vibrations of an average period of 218. Bealdea 
these, small vibrations of an average period of 7,5s continued to exist 
Ih 58m Is a.m., i.e. 12m 32s after the commencement of the eartbqbakBr 
when the (abs. ) max. 2a of 0,75 mm took place foUowl^ by sevra 
well defined waves of nearly an equal amplitude. These 8 waves, iqgB* 



F. Ckaon. 


li 


m *g«M> iataml ci 2m formed the most oonepiononB 
IWi^'tihe motfam and had an average period of 21,6 b. The sneoeding 
aMMMMmla, erhoee aTerage period was 19,7 b, were again snperpoaed with 
tpttlll ^tfOwKltcms of an average period of 7,4 h. 

The S.P. ocmsisted esaentiallj of wavea, whose average period dednoed 
fttn ten sneoessive gronps of 50 ribratious was as follows : — 


8,4s (at the oonunenoeinent) \ 

8.4 

8.7 
10,4 

9,0 

9.5 

9.7 

8.6 
10,0 

9.8 (near the end; / 


(General meaiu 
9,38. 


During the first 16m of this ejmch, there were also some slight traces 
of tmdQlatkms of an average period of 18s. Near the end, slight maxima 
oocnned at nearly reg^ular intervals. 

(EW omnponent). 

The lat F.T., whose duration was 5m 57 b, consisted of vibrations of 
an Kvonge period ci 7,6s, superposed here and there with traces of very 
wHiJl ribiationB of an average period of 1,7s ; long-period undulations did 
not exist. The max. 2a was 0,2 mm. 

The 2nd P.T., whose duration was 3m 43s, began with an abrupt 
motion <]| 0^ mm towards E, and consisted of 12 slow imdulations of an 
MBinge period of 18,6s ; these being again superposed with small waves 
of an average period of 7,4s. Slight traces of slow waves of an average 
period of 378 seemed also to exist. The amplitude decreased towards the 
«nd of tiie epoch. 

The PJP., wtibse duration was about 15m, began with 19 well defined 
aknr nadwiationB of an average period of 25s, whose max. 2a of 0,8 mm 



HORIZONTAL PEKOXnLim oagnEBTAIIONS OF Ift 

ooourred at Ih 56m 43s ; these waves being superposed wiHifRia ii 
tions of an average period of 7,2s, The latter then almost diunplpiiiy 
and there appeared 9 well defined, waves of an average period 
these the first was the maximum, having a range of 0,45 nun; 
remaining portion of this epoch the motion was much smaller. 

The E.P. The average period, measured at about .}h item 
ginning of the earthquake, was 8,6s. 

EqJx No, 4o. October 19th 1898 ; 4h 27m 488 a.m. 

Total duration - 39m. 

This was a small earthquake at some distance, the motion ocm^thag 
of r^fular vibrations free from superpositions, chiefly in the NS OOUH 
poneut. 

The P.T. lasted for about 8in 268, 

The P.P. In the earlier portion of this epoch, the average period 
was lls ; later on it was 19s. The max. 2a was 0,7 mm in the NS and 
very small in the EW component. 

Nqkf No. 47. October 22nd 1898 ; 9h 2m 42s a.m. 

Total duration = 111 7m. 

(EW component). 

The P.T. lasted 9m 12s and consisted of small but well defined 
vibrations of an average period of 7,6s, the amplitude remaining nearly 
oonstant. 

The P.P., whose duration was 9m, began with small slow undulations 
(max. 2a =0,15 mm) which lasted 4m 39s and had an average period of 
31 b, superposed with small quicker vibrations of an average period ol, 
8,98. Then followed the most active group of waves, whose eevexsigs 
period was 20s, and whose first displacement had the max. 2a of 0,3 mm. 
The E.P. The average period was as follows : — 

10,9s (at the commencement) ; 

16,5 (towards the end). 



gis Biw iliyi m) . 

whose duration was 10m 32 b, ooiuuBted vibrations of an 
amnpilpBCiod of 8,1b ; the amplitade remaining neaiiy constant. 

iKha1P.P. lasted sboot 7m. For the first 4m 26s the motion was slow 
(aMSL Sa=0,14 mm), the avenge period being 27s. Then followed 
tgatoker vibratimiB of an avenge period of 17,5s, the first of the group 
Iw^ing the max. 2a of 0,15 mm. 

So. 48. October 22nd 1898 ; lOh 35m 53s p.m. . 

Total duration =20m. 

The commencement was not well defined, but the P.T. lasted lor 
about Im 43 b and consisted of waves of an average period of 2,7s, super> 
posed more or less distinctly on slow undulations of an average period of 

12b. 

The PJ*. lasted for 4 m 30s. During the first lia 26s, the average 
period was 7,88, the max. 2a being 0,08 mm in the EW and 0,05 mm in 
the NS oomponent. Later on the waves liad an average period of 7,4s, 
superposed with small vibrations of an average period of 3,8 h. 

The E.P. The average period was 5,Cs, the waves being regular. 

Eqie No. SO. November 2nd 1898 ; 8h 43m 15s p.ui. 

Total duration = about 17m. 

The motion was very slight and began gradually. 

The P.T. lasted for about 6m (?) and had an average period of 6,7 b. 
Hie P.P. The average period was 7,6s, and the max. 2a was 0,04 mm 
in each oomponent. 

No. 51. November 5th 1898 ; 8h 48m 45s p.m. 

Total durations: about 15m. 

This was a small earthquake at a great distance, the motion being 

very small. 

Hie P.T. w4e not well defined. 

In the PJP., the average period was 18s. 



OBIZONTAL FENDULUH OBSBBYATIONS OF EAlIXflfgfaAUS: 


Eqhe No. i$7. November 14th 1698 ; 4h 5m 23b p.m. 

Total duration = 40m. 

This vras a small earthquake at some distance. 

The P.T., whose duration was Im 26s, cqnsisfeed dteti 

tions of an average period of 5,9s, superposed with traces of quicker 
of an average period of about 2,3s. 

The P.P., whose duration was 7m, consisted, during^he first 3m ^ls» 
of very small vibrations superposed on waves of an average period of 5,2s. 
Then took place the mux. 2a of 0,24 mm in the EW and 0,19 mm in the' 
NS component, followed by well defined vibrations whose average period^ 
deduced from four successive groups of 50 vibrations, was as follows : — 

7,1s N 
7 8 1 

’ ; (General mean'i 

8.7 8.1s. 

8,0 y 

I’.O. There existed slight traces of P.O., whose average period was 

5, Os. 

Eqke No. /j8. Noveinljer 17th 1898 ; 9h 54m 538 p.m. 

Total duration =2h 30m. 

This was a laige earthquake at a distance. 

(EW component). 

The P.T., whose duration was 4m 8s, consisted of vibrations of an 
average period of 8,4s, superposed with some traces of smaller ones of 
an average period of 5,6s. The max. 2a was 0,12 mm. 

Tlie P.P., Avhose duration was 11m 30s, began with 6 slow undula* 
tions which lasted 2m 82s and had an average period of 25,4s, the first 
vibration having the largest 2a of 1,0 mm. So far may probably be taken 
as the 2nd P.T., and the motion was superposed with small vibiatians of 
an average period of 6,9s. Then followed the most active part of ^ 
motion, which lasted 4m 40s and comprised three nearly equal maximum 
groups of vibrations with two minimum groups between them the max. 2a 



V. oww. 


li 

lllliKlJi wwi Daiii^ the fizet Sm lOi of this latter epoch the ereragfr 
MMM iras 21,78, aud during the nmsining 2m 90 b it was 15,2 b. The 
"“miiMrfng TifassticHw had an svemge pmiod of 19,48. 

jN-Tfae iPU?. There were aUematioiw of eli^^ maximum and minimum 
Ifnoepe of Tibrations. The STemge period deduced from seven snooesaive 
^roope of 5Q vibrationa, iahen at the commencement of this epoch, vraa aa 
foOowe: — 

13,0b 

15.0 

12.0 

(After these the period became constant and fsomeahat quicker). 

10,0b 

11,0 

11,0 

10,0 

Towards the very end the average period vras 11.0s. 

(NB oompcment). 

Here the let and 2nd P.T. may be distinguiaheil. 

The let F.T., vrhoee duration was 4m 21 b, consisted essentially of 
small vibrations of an average period of 8,48, superposed with traces of 

smaller and quicker ones. The max. 2a was 0,12 mm. 

The 2nd P.T., whose duration was about 2m, began with the max. 2a 
ol 0,56 mm. The motion consisted of small vibrations of an average 
period of 7,28, superposed more or less distinctly on traces of slow 
undulatiops an average period of about 25s. 

The P<P.» whose duration was 9m 40s, consisted, during the first 4m 
28s, d slow undulations grouped into three nearly equal maximum 
groups, (max. 2a=l,7 mm) ; the average period being 21,68. Then 
followed the most active group of vibrations (max. 2a=3,l mm), which, 
homvec, were fnobably in a part due to the proper pendulum oscillations. 
Hie Avmage period being 16,7a 




HOBIZONTAL PENPl^LUX Omt^ATlcm OV MAXaUfOAMSi. 


The E.P. The average period, dediused item she a nn aw ih tw ■ piW W ' 
of 50 vibrationB, taken at abont 4dm after the eommenoenimsl'flirfi^ 
earthquake, was as follows : — 


10,2s \ 
10,2 
9,4 
10,9 
11.4 
10,8 / 


(General mean) 
10,58. 


Eqke 2^o. 01. Novemlier 22nd 1898 ; 8b 20m Ss p.m. ^ 

Total duration =lh 13m. 

(NS component). 

The beginning of the motion was not well defined. The time interval 
between tlie assumed (toinmencement and the appearance of the P.P. was 
abont 6m 30s. 

The r.P, The max. 2a was 0,06 mm and the average period in the 
earlier portion wjis 12s. 

The E.P, The average period was 9,8s. 

The EW conTjjoiient diagram was lost on account of the stoppage of 
the clock-work of the corresponding machine. 

Eqhe No. 04. Noveml>er 30th 1898 ; 7h 31m 188 a.m. 

Total duration = 17m. 

The beginning of the motion was ver}' gradual but well defined. 

The P.T, was not well defined, but the time interval between the 
beginning and the epoch of the maximum activity of motion was 6m Sfls. 
During thto portion, the motion consisted of very small ill defined ^ves 
of an average period of about 7,18, superposed with traces of others still 
smaller. 

The P.P. lasted for about l^m. The max. 2a was 0,04 mm in eacb 
component, and the average period was 7,68. 

JBqhe No. 65. Dec. let 1898 ; 9h 63m 538 p.m. 

Total duration = 33m. 



iVlia Img^tmtng vus not nharply dsfined, ud the motion iucrMumd 
tendung tbp ninximnni eposh aboat 6m 20 b later on. 

Tbe PJ*. The arenige period wae 16b, and the max. 2a waa 0,06 mm 
in the BW'andO,Ol2 mm in the NS component, tlie motion being very 
gtnuH in the latter oomponeut. 

The E.P. " The arerage period a-as 12 r. 

P.O. There amre very alight P.O., a'hoae average period araa 4,1a. 


Eqhe Xo. 09. December 11th 1898 ; 3h 39iii 22s p.ni. 

Total dtintiou = lh ISm. 

'Dub was a large earthquake at a great distant^e. The coniiiieuoe- 
ment ol motion vras gradual but vrell defined. 

(EW omnponent;. 

The let P.T., whose duration was 9m o8a, consisted of very small and 
indistinct vibrations of an average period of 6 k. * 

The 2nd P.T., whose duration was 6iu 7s, was cliaracterizod by the 
appearance of more pronounced vibrations, whose average period waa 7 ,Gk. 
The max. 2a was 0,02 mm, the amplitude remaining nearly constant or 
b&ig rather slightly greater at the oommeucemeut than at the end . 

The PJP. began at 3h 66m 18s with traces of small slow imdulatious, 
'whoBB average period was 27,6s, superposed with small vibrations of an 
•TBxage period of 8,0s. From 4h Om 48s set in regular M’ell defined un- 
dulations (max. 2a =0,05 mm), with slight alternations of maxima and 
miniina epochs. Tlieir average jieriqd, deduced from four successive 
grou ps of 20 waves were as follows : — 


17,98 \ 
17,9 
17,0 
16,8 > 


(General mean; 
17,48. 


At about Ih Im from the commencement of the earthquake there 
iq^peazed again a slight maximum group, the motion having been idmost 
pBBfcfBliy nil for the preceding 14m. 



HOBIZQNTAL FEKDVLtJH QB^RfiVATIONS Of SAXmVOJXm. IPT 

1 \ 

(NS obmpoueut). 

Tlie 1st F.T., whose dui'ation was'- 9m 60s, ocmsisted oi "very 
vibrations of an average period of about 7,3s, these being sUpeipoied 
with traces of vibrations of still quicker period. 

The 2nd P.T., whose duration was 12m 12s, consisted of vifantUaiw' 
of an average period of 7,7s. The max. 2a was 0,06 mm, the ittetiad 
being mortj pronounced at the commencement than at the end- 

The PJ?. began with 17 well defined slow undulations, which foxmed 
the maximum group (max. 2a =0,06 mm), and whose average period was 
23s, occupying together 6m 31 b. For the next 6m 208 the motion waa 
small, and the average period was 18,8s. Then followed a seccmd maari- 
mum group of 16 undulations (max. 2a =0,05 mm) which together occupksd 
4m 36s, the average peritjd being 17,2 b. After this tlie motion decreased. 

L'gkr No. 70. December 30th 1898 ; llh 23 in 49s p.m. 

Total duration = about 13m. 

The I’.T,, whose dui7ition was 328 consisted of verj' quick small 
movements. 

' The IM*., whose dumtion was 6m 30s, began with a motion of 0,08 
mm towards E and also 0,08 mm towards N. For the first In^ the 
motion consisted of sharp quick vibrations (max. 2a =0,4 mm in tllb 'l^S'W 
and 0,3 in the NS component) superposed on others whose average* 
period was 2,6s, and whose max. (abs.) 2a of 0,4 mm in the EW and 0,36 
mm in the NS component occurred at Im 2s from the beginning of this 
epoch. There were also slower waves whose average period was 7,6s and 
whose max. 2a w'as 0,34 mm in the EW and 0,3 mm in the NS oom- 
ponent. From about llh 26m 47s there appeared well defined vibzationB 
of an average period of 3,3s, their max. 2a being 0,36 mm in the EW and 
0,26 mm in the NS component. 

The E.F. Near the end the average period was about 6,8 b. ' j 

P.O. There was a storm of small and quick P.O., the max. 2a being 
0,04 mm in each component. Their average period was aefoUaws:’^ 



4 .^ ( 
4.3 ( 


meMorad jwfc heSon Hm «aiihqiimk«), 

»• •» wftsr .. .1 ) 

No. 82. Jannmiy 2Ml 1899 ; llh 9m 57a p.m. 

Total daxatian=87m. 

(NS oompooent). 

The P.T. whoae dnratioii vaa 6m 45s, consisted of Tibratioos of an 

» 

aTenge period of 8.3 b, anperpoeed with otiiers still smaller. 

The P.P. lasted for 5m 47s, the motion being however ooiuparatiTely 
small dnring the first Im 38 b. The waves, whose max. 2a was 0,13 mm, 
had an average period of 8,3s, superposed with smaller vibrations of an 
avenge period of 3,7 b. 

l%e RP. was more or less active during the first 4ni 15s, the average 
period being 8,0 b. 

(EW component). 

The P.T. lasted for 6m 38s, and the max. 2a M'as 0,08 nnu. 

Eqht No. 84. January 27th 1899 ; lOh 47m 32 h p.ni. 

Total duration = about 7m 208. 

This was a small earthquake at a distance, tlw‘ nintiou cr>usistiug of 
xegolar vibrations. 

^m^Kpmponent). 

The F.T., whose duration was 54,5i», consisted of regular small 
vibrations of an average period of 1,958, superposed on traces of slower 
^pnivee of an average period of 6,4 b. 

'Ihe P.P., whose duration was 2m 26s, consisted of well defined 
vibratiaiis of an average period of 4,7s. The max. 2a was 0,05 mm. 

(NS component). 

The max. 2a wes 0,04 mm. 

P.O. There were some slight traces of quick P.O. Their average 
period, measured about 5h after the earthquake, was 4,1s. 

Bfjde No 88. 'Eehcaary 1st 1899 ; 2h 52m 43s p.m. 

Tkitol4nrstioo = 26m. 



ROBIZONTAL PENDULUM OfKiWyATIOKS OF SaiOBQQAKSS. Hi 

This was a small eaxthquake some disliaiiee. The lieg[fionia^4f‘|ki>’' 
motion was somewhat obscured by the existence of fdight P.O. 

The P.T. lasted for 5m 35s and showed some doubtful Ixaets ol i4piiM^ 
undulaticms of an average period of 208, superposed with ilie 
vibrations as occurred in the P.P. 

The P.P. consisted of vibrations of an aveiage period of 
max. 2a being 0,05 mm in each component. 

£qke No. 88. February 11th 1809 ; 4h 52m Ss p.m. 

Total duration = about 27m. 

This was a small earthquake at some great distance. The be^nning 
and end of the diagram was confused by the existence of strong P.O. 

(NS component). 

Tlie duration of the P.T. was doubtful. 

The P.P. l>egan from about Im 13s from tho assumed banning of 
the earthquake. For the next 22m the amplitude remained very naarfy 
constant, with (H’casioual alternations of max. and min. groups. The max. 
2a was 0,07 mm in the EW and 0,08 mm in the NS component. 

(EW comjxmeut). 

The motion was small for the first 6m 588, which probably may be 
taken as the P.T. ; the average period was 5,3 k. After this, thex|g|||l^ 
peered traces of slow undulations whose average period was 22s. 

P.O. Immediately before the commencement of the earthquake, 
the average period of the P.O. was 7,88, the max. 2a being 0,04 mm. 
Again a little after the earthquake, the average period was 3,9s, the max. 
2a being 0,03 mm. A cliange in the period of P.O., like this, is rather 
rare. 


Nqke No. 93. February 28th, 1899 ; llh 48m 56s a.m. 

Total duration = 111 30m. 

% This was a moderately large earthquake at a great disiaaoe. ' 
liagiuning of the diagram was obscured by the presence of slight P,,Q. 
(EW component). 



p. .mioit. 


!I1i» P.T., whose dnmtiop wws Tatonnnted of Tihnftioiui of an aTerage 
|mriod of 7,8 b. 

Tlie FJ*., whoae duration waa 28in, had no single prominent maximnm 
motimi but oonawted of a number ol alteznationfl of max. and min. gionpa. 
The max. 2a was 0.16 mm in the £W and 0,22 miu in the KS component. 

' (NS component). 

Hie aTerage period in the P.F.. deduced from 3 sncoemive groups of 
50 vibrations, were as fallows 


».8b \ 
9,2 > 

8,9 J 


(General mean) 
9,1 r. 


£gkt No. 96. March 3rd 1899 ; 9h 50in 2s a.in. 

Total duration = about 20in. 

This was a small earthquake at a distance. The beginning and end 
of the diagram was confused by P.O. 

(NS component). 

The motion began very gradually. The PF. whose duration was 
ifbout 5m 158 set in at about 5m SOs from the assumed commencement of 
the earthquake, the average period being 15,88. The max. 2a was 
OJij^uu. 

(BW oompcment). 

The max. 2a=0,05 inm. 

• 

The P.O. had an average period of 4.5 h, its max. 2a being 0,03 min 
in each component. 


Eqke No. 97. March 6tli 1899 ; llh 36m 88 p.m. 

Total duration = about 25m. 

This was a small earthquake at some distance. 

(NS component). 

The exact b^inning as well as the end of the motion was somCwha# 
ohaonie on account of the presence of P.O. 

The P.T. lasted for about 5m 208. 



HOBIZOirrAL PENDXTLUK OBSmTATlONB OV SARCKQUASEB. 


The F.F. consisted of a gztmp of vib»ti<nis of an avetaige pedoU ef 
7,9s, followed by alternations of very slight max. and min. epochs. 

F.O. The average period, measured about Ih after the oomaaenoe^ 
ment of the earthquake, was 7,7s. 

(The EW component diagram was obscured by the superpositioii^' 
lines.) 


JEqke No, 98. March 7th 1899 ; 4h 39m 60s a.m. 

Total duration = about Ih. 

This was a moderately large earthquake at some dis^pace. 

The commencement of the motion was obscured by F.O., but the 
time interval between the assumed beginning and the occurrence of ttie 
max. 2a ( =0,06 miii in each component') was 22m 208. The F.F., whose 
duration was al)ont 18m, consisted of '(.'rations of an average period of 
8,7a. 

The E.F. The average i)eriod, measured about IJh after the com- 
mencement of the earthquake, was 8,08. 


N(/ke No. 102. lVIari*h 15th ; 6h 9in 14s a.m. 

Total duration = 21m. 

Tliis was a small earthquake at some distance. 

The commencement of the motion was obscured by the 
small and quick-period F.O. 

(EW component). 

The F.T. was not well defined. During the first 2m 25s the avera^ 
period w'as 12,1s. Then the motion became slightly quicker, the average 
period in the next 4m being 7,7 a. The group of the most active move- 
ments occurred at about 7^m from the commencement of the earthquake, 
the max. 2a being 0,05 mm. What may be regarded as the F.F. lasted 
for about 7m 208. 

(NS component). 

The max. 2a was 0,15 mm. 

F.O. The average period, measured . Ih after the earthquake, . 
was 3,8 b. 



Mjfke I/a. Hft. Maidb Slat 1809 ; llh 8Sm 44« 

ToIbI d«nitkaic=44iii. 

ThiH waa eTidaiitlj a modente eaithquile at nome great distanoe. 

(EW component) 

Tbe P.T. araa not definitely shown, but its dnration may be taken at 
about 4m 13 b. For tbe first Sfis, the motion was small ; then a displace- 
meut of mm took place, and thereafter the amplitude remained neariy 
constant for 8m 478, the average period being 7,8s. 

The P.F.; whose duration was 9m 46s, consisted of vibrations of an 
average period cS. 8,3s, superposed at first on slow undulations of an 
aven^ period of 25,4s. The max. 2a of 0,36 mm (xxnrrad at llh 41m 
48a. 

The E.P. The average jierinil, dediuted fn)m three stux-essive groups 
of 60 vibraiaotts, was as follows 

8,08 ' 

go , ( General mean 

’ 8 , 28 . 

8,5 ' 

(NS component). 

For the first 348 the motion was small, then took place a motion of 
<|plfiiiiBm, the amplitude remaining nearly constant for the next 4m 2s. 
After this the motion became larger. 

Mifot 2fo. 110. March 23id 1899 ; 8h 30in 59s p.m. 

Total durati<m= about 23m. 

The P.T. The commencement was somewhat obscure but the time 
interval between the aesumed beginning and the occurrence of the maxi- 
nmm graup was 6m 88. 

P.P. consisted of traces of very slow undnlations of an average . 
period of 23^8- 

. Ih. 111. March 23rd 1899 ; 9h 23m 14a p.m. 

Total duTati<m=28m. 



HORIZONTAL PENDULUM OBSERVATIONS OF IttSTMOfUAJOBI 


Tills was a small earthquake- at some distauoe and tho-MioiJett KiHHIi 
very gradually. 

The P.T. was not well defined, but its duration may be tskssi-tO' bO 
about lOin SOs. The average period was 4,3s. 

The P.P. had an average period of 7,4s, &e maximum mo^opi am 
mm in the NS and 0,05 mm in the EW) occurring near its commesoBKOb^ 
From about Oh 30m 35s there appeared some traces of slow undulalidAa 
of an average period of 20s. 

Eqke No. 113. March 24tli 1899; Oh 29m 5s a.m. 

The diagi-am merely shows a trace t>f a distant small earthquake. 

Eqke No. 120. April 16th 1899 ; llh Im 348 p.m. 

Total duration = about Ih 5m 

Tills WHH a small eaithquake at a gieat distance. The commencement 
was somewhat obscure, the motion being too small. 

(NS component t. 

The P.T. lasted for 17m 10s and <'onaisted of traces of vibraticms of 
an average period of 8,4 h. 

The P.P., whose duration was 26m, begaii gradually with traces of 
slow undulations. After 4m 2()s there appeared regular well defined 
vibrations, whose average period was 8,78, and whose max. 2a was 0,1 
in the EW and 0,05 mm in the NS component. This max. 2a was hot 
prominent, but there were a great number of alternations of nearly similsr 
max. and min. groups ; the maxima occurring at an average interval of 
1,2m. 

The motion ceased almost completely at Oh 15, }m p.m. ; but a new 
slight trace of disturbance again occurred at Oh 48^m p.m., with aa 
average period of 8,5s. 

(EW component). 

The P.T. lasted for 17m 59s. 

The P.P. The average period of the vibrations was 9,2 b.’ jilW 
groups of maximu m amplitude occuiTed at an average interval ci 
the greatest group occurring at 9^m from the commencement. 



ip r. OMOBL 

llilv JToi. If7. April 17tii 1899; 48m 60 b ».in. 

Total dnnition=lh 57m. 

TUm ■WHS M lai^ earUiqaake at a great distauoe. 

As tliere was uo P.O. before tlie earthquake, tlie coinuieiu'eiueut of 
-'Hie latter was peilectl^* clear. The Ist and 2ud P.T. as a’ell hm tlie P.P. 
were also well defined. 

(£W oomponeut^. 

The Ist P.T., wboee duration was 9m Or, liegan veir graduallr. After 
l|m, lioweTer, the motion increased, tlie max. 2a lieing 0.04 inm. The 
arerage period was 7,2 r. 

The find P.T., whose duration was lOin 8 k, was cliaiaoterized bv an 
increase in tiie amplitude, which remainetl seuHiblT constant tlii-oughout 
this epoch or rather slightlT decreasing towards the end. The max. 2n 
was 0,07 mm, and the average period was 7,8s. Tlieit' wcn^ also some 
traces of stow undulations. 

The P.P., whose duration was 29m 2Cs, l>egan with a gmup of well 
defined (abs. max.) slow undulations of nearly an e(|ual amplitude, Avliich 
together occupied 7ra 438 and liad an average iieriixl of 20s. Of these, 
the first 8 vibrations were particularly slow and had an uvemgt' i>ei'iod of 
fifis, the max. 2a being 0,14 mm. Su])erpoeed on tliese slow iindulatioiiK 
there were smaller waves of an average period of 11,9s. The mc:>tiou for 

a ♦ 

the next 5m 5s consisted of well defined quick regular nudulatioun, whose 
max. 2a was 0,05 mm and whose average period was 9,2 h. The motion 
during the remaining 16m 38s was as follows : — 

For 2m 48s, the motion was composed of well pronounced quick 
vibrations, superposed on traces of slow undulations. 

For the next 2m 31s, there were 9 well defined slow regular 
undulations, (max. 2a =0,1 mm) of an average xmriod of 16,8 b, forming 
the second max. group. 

For the next 2m 25s, the motion was small and quick-perioded. 

For the next 2m 148, tliere were 8 slow and regular waves (mai^. 
fia=0,08 mm) of an average period of 16,8s, forming the third max. 
group. 



HOKIZONTAL PENDULUM OBSEBVATIONS OB EimBfPJAXm 


For the next 2m 5s, the motion was again smaA and 
{lerioded. 

For Dext 4m 3ds, there were 17 well defined slow nndnlatiotta 
(max. 2a =0,08 mm) and of an average period of 16,28, forming this 
fourih max. gi’oup. 

The E.P. consisted of small regular vibrations whose max. 2a waa 
less than 0,1)5 mm, and which showed (xicasional aJtemationB of max. and 
min. giouiw. The average period was : — 

0,2k inieasured at the coinmeneeiueut), 

8,7 1 „ towards the very end). 

(NS component). 

The Ist P.T. lasted for Oin ‘33a, a»rl consisted of vibrations, whose 
max. 2a was 0,03 mm and whose average period was 6,3s. 

The 2nd P.T. lasted for 9m 7s and consisted of vibrations whose max. 
2a was 0,07 mm and whose average period was 8,1s. There were aliema- 
tions of imix. and min. g^iups. Thus, beginning with the commencement 
of the 2nd IM’., that is lOh 56m 148: — 

for tlje fiist 40s, the jnotion was small ; 

then t)ccurred a single max. vibration; 

then the amplitude became very small ; 

at lOh 67m 47s commenced a max. group, lasting o8s ; 

at lOh 59m 44s commenced another max. graup, lasting 348 ; 

at llh Om 26s commenced a tliird max. group, lasting 39s, etc. 

The P.P. began gradually. For the first Im 308 the motion was 
small, the average period being 15s. Then followed 8 large slow unduha- 
tious which together occupied 3m 12s, and had an aveinge period cxf 31,5 b, 
their max. (abs.) 2a being 0,14 mm. These were followed by smsll 
vibrations which lasted 2m 56s. During the next Im 28s the motioor 
slightly increased. Thereafter it became small and the predomina^linig 
vibrations had an average period of 14 h, superposed with vibnttUmaieil 
shorter period. 



w. omom. 


. The ftTerage period, moMared toveide the end, wms 8,9 h. 

P.O. The max. 2a was 0,04 mm iu each oompoueut, the aTerage 
fNniod being as follows : — 

5,18 ^measmed at about 7| a.m., .\pril 18th), 

4,98 ( ,, Gj „ ,, 

Xo. 19), April 23id 1899 ; Oh 15m 28 a.ni. 

Total duration = 3m. 

This was a small eartliquake at some distauce. Tlie oomiiieuceiiieui 
waa soaneadiat obscured by P.O. The P.P., hou'ever, occurred aliout 2u: 
after the assumed b^uuiog. 

The PJP. lasted Im 29 k. Tlie average period wa.s 7,48, aud the max 
2a waa 0,06 mm in the EW aud 0,03 mm iu the NS oompoueiit. 

The E.P. was obscured by PjO. 

P.O. The max. 2a was 0,05 mm iu each oompoueiit and the averagr 
period, umasmed Ih before the earthquake, was 4,0k. 

Bqhe No, 133. Ma^' 2ud 1899 ; llh 36m 478 p.m. 

Total duration =lh. 

This was a small earthquake at a great distance, aud the inotiot 
begui very gradually. 

(EW oomponent). 

The P.T., whose duration w'as 5m IPs, was well detiued aud showee 
trsoM d vibratious of an average jieriod of 7,28. 

The PJP., whose duration was about 16m, consisted of regular vibra- 
tioaw of am average period of 8,8s, the max. 2a being 0,09 mm. There 
were several alternations of max. aud miu. groups ; the average interva! 
between aueoessive maxima being 1,5 m. 

The EP. The average period, measured towards tiie end, was 9,8s. 

oompoaieid^. 


L Jnaled 5m 428. 

L The max. 2a was 0,08 mm. 



HOBIZCWTAL PCKDCXCK OBSEBYATIONS OV EABTBQCTAKXg. 
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Egh! No. 238. May 14tli 1899 ; lOh 56m Sis p.m. 

Total diiratioii=24io. 

Tho begiuuing « as somewluit oliscnnv 

(EW oompoueut). 

Tlie P.T. lasted £<ir ulx>ut 5iii. 

The P.P. i’onsisted of iiudiilatious of au average period ^6,78, 
superposed aitli small vibrations of an average period of 5,6s. Hie tn»x. 
2a was 0,05 mm, the group of most active movements occurring at 3|^ait 
from the commencement. 

(N8 component). 

Tlie P.T. histed alK)iit 4m. i?) 

The P.P. The avemge ])ericKl ivas aitont 19s, tlie max. 2a being 
0,05 mm. 

E(jh‘ No. 130. May 15th 1899 ; 9h 57m 53s p.m. 

Total duration = 37111. 

(NS comjKiiient). 

The P.T., ivho.se (liinition ivas 5m 45s, showed traces of lubraiions of 
au average iieritxl of 6,4s. 

The P.P., whose duration was 9m Os, consisted of vibrations of an 
average iierioil of 8,7s, the max. 2a being 0,04 mm. 

In the E.P. the motion was vary small. 

(EW component). > 

The max. 2a was 0,03 mm. 

Eqke No. 140. May 18th 1899 ; 4h Im 45s a.m. 

Total duration = 30m. 

Tliis was a small earthquake at a distance. The motion was very 
small. 

Eqhe. No. 141. May 26th 1899 ; llh 38m 288 p.m. 

Total duration =about 13m. 

This was a very small earthquake at some distance. 



F. oMcna. 


The J*.T. IhkIimI for about 61 r. 

The P.P. Tlie average period was 6,4 h. The max. 2a waa lesH than 
0,02 nini in ea<‘li cnuiponent. 

Eqhr So. l-i3. Jnne 5th 1899 ; Ih 37m 43a p.tii. 

Total danti<Mi=2h. 

Tiiia waa evidently a large earthquake at a very great distance. 

<XK component). 

'Hie 1st P.T.. whose dnration was 17iu 25 r, l)egan witli very sm^ 
vibrations of 2a less than 0,02 mm. Tlie average period during the first 
half of this epoch was 5,6s and that during the remaining lialf was 8,1s. 

The 2nd P.T., wlKise duration was 16m 13s. consisted of w*ell defined 
regnlar nndulatioiis, the max. 2n of 0,04 mm <H‘onrring at the commence- 
ment. The average ]»eri«Kl was as hdlows - 

10,7s ( at the ix>mmeucemeut I. 

l(>,y ( .. „ end 

Tlie P.P. liegau very gradnally with small slow undulations. After 
5m Os there appeared well defined undulations of an average period of 
23,78, which lasted for 17m Os. Then followed the maximum group of 
waves (2a=0,05 mml, which was somewluit quicker and liad an average 
praiod of I8,2s. 

There was no demarcation between the P.P. and the P.T. 

(ESW oompanent). 

The Ist P.T. Listed 17ni 45 b. 

The 2nd P.T. lasted for 18m 28s, the max. 2a of 0,03 mm occurring 
at the commencement. 

The P.P. The max. 2a was 0,02 mm. 

P.O. The amplitude was very small. 

Eqhe No. 146. June 10th 1899 ; 3h 35m 20s p.m. 

Total duration = about 33m. 

The beriming of the motion was somewhat obeoare, owing to the 
exiewnee'liHi^t P.O. 



HORIZOKTAL PENDtTLUM OB8EBTATIONS OP EABTBQTTAKES. 3{ 

(EW component). 

The P.T. lasted for SnrRs and had an average period of 5,1s. Th^ 
motion watt very small. 

The P.P. dousisted of small but well defined undulations of an average 
•• pericxl of 9,8s ; the max. 2a of 0,04 mm oceuning near the beginning. 
Tlie motion showed a series of alternations of max. and min. groups. 

(N8 component). 

Tlie motion was very small. 

P.O. Tlie amplitude was veiy small. Its avemge ])eriod, measured 
Ih l)efore the earthquake, was 4,38. 

£qlr No. 14(}. June 13th 1899; 4h 31m 18s a.m. 

Total duration =:al)out 26m. 

The motion liegan vers* gi^adually and the P.T. was not well defined. 
The time inteiral between the assumed commencement and the occurrence 
of the max. motion was about Im 2oa. 

TIk' P.P. lasted almut 18m, the max. 2a being 0,05 mm in the EW 
and 0,04 mm in the NS com^Kaieut. The average period, measured at the 
comirienccment, was about 11s. 

The EP. The average period was alwut 11s. 

Eqk'c No. 147. June 14th 1899; 8h 27m 46s p.m. 

Total duration = 111 24m. 

This was a large earthquake at a great distance. The motion be^Rib 
gradually with very small vibrations clearly recorded, there being no P.d. 
(NS component). 

Tlie Ist P.T., whose duration Avas 9m 10s, consisted uniformly of 
small vibrations of an aveivige period of 4,9s. 

The 2nd P.T. whose duration was 6m 40sJ consisted of larger and 
somewhat slower vibrations of an average period of 7,1s. The max. 2a 
was 0,03 mm, the motion being larger at the commencement and end» 
than at the middle^ of tliis epoch. 

The P.P. began with traces of slow undulations. It was only 18m ^ 



r. osuw. 


4(it< Ininr <ui that thare appearatl Ktaall but well dofiuecl waveii, which 
laRted fnr 11m 25b and had au average (leAid of 30b. After tliis the 
vibnitionB became gradually luoat active, and tluM'r max. 2a of 0,05 mm 
oocuired at 9h 22m 32 ; the average perioil dtHlm-ed fn>m two Hucceiwive 
gmupH c{ 50 wavee lieing aa foUowK : — 

18 , 4 h (Cieneral mean^i 
16,4 17,4a. 

There w<cne alteruati«>UH of max. and iniii. t‘p<x“lis ; tlio max. groups 
oocnrring at au average iuter\'al of alioiit 4iu. 

(£W oompcmeut). 

The lat P.T. laated for 7m 38s. 

The 2ud P.T., wIiobo dunition was Sin 45s, liad an avoi’age periotl of 

abcnt 7,4s. 

The PJL*. liegau with iU defined tiuces of slow undulations. 20m 408 
later cm there apjieared sinall hut well defined waves, whic-li lasted for 8m 
54s and had an average iMU'icxl of 23,2s. Tliereafter tlie motion increaBcd 
and quickened, the max. 2 h of 0,04 inm oc‘c;urriug at 37]n 34s fi-oiii the 
oonunen<»meut of this eiKX'li. The average iieriod of these latter waves, 
measured from two Huce.essive gimuiis of 30 vihmtioiis, was as follows: — 

18,8s ((ieuend meuiii 
17,0 17,9s. 

JE^k No. 140. dune 16th 1899 ; 2h 49ni lOs ]>.m. 

Total duration = 25m. 

This was a small eartlujuake at some distance. 

(CW component). . 

The let P.T., whose dumtiou w'as 3iu 40s, consisted of vevy small 
vilmdaoiis of an average period of 2,7s. 

The 2nd P.T., whose duration w'as 2m 46s, consisted of traces of 
waves of an average period of 7,5s, superposed with the small vibrations 
of iheHHm nature as those in tlie let P.T. 

xfie "P.P., b^an with a group of most active waves, whose max. 



HOBizQNTAL nENDrLmc conamTioNs or luaiBOViJCBii, 
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(abs.) Sa 'wbb 0,06 mm and wboae aveiage peziod -wm 13,4a. Thsiit !MMi» 
altemationB of max. and tain, epochs, each of irluch comprised 6 
waves. The average interval -between the snccessive wiatmthi. wag tlbeo$ 
1,9m. 

(NS oomponent). 

The total duration of the 1st and 2nd F.T.’s was 6m 30s. 

The P.F. The max. 2a was 0,02 mm. 

Eqhe No. 162. June 19th 1899 ; 9h 2m 228 p.m. 

Total duration = 31m. 

This was a small earthquake at some distance. 

The F.T., whose duration was 3m 88s, consisted of very small vibra- 
tions of an average period of 5,0s. 

The F.F. The max. 2a of 0,04 mm in the EW and 0,03 mm in ^^he 
NS component occurred at 9m from the beginning of the earthquake. 
The average period was 7,9s. 

Eqke No. 153. June 24th 1899; llh 46m Ss a.m. 

Total duration = 16m. 

This was a very small earthquake at some distance. 

The maximum epoch, which lasted for about 6m, commenced at 4m 
10s after the beginning of the earthquake. The average period was 7,38. 

EqhtNo.164. June 26th 1899; Ih, 12m 28s a.m. 

Total duration = 33m. 

This was a small earthquake at a great distance, and the motion ' 
began gradually with very small vibrations. 

(NS oomponent). 

The F.T. lasted for 14m 628. and consisted of small vibrations, of an 
average period of 7,8s, the amplitude being rather greater at thq ocxn- 
menoement than at the end. 

The FJP. For the first Im 20s the motion was small. For the/^aesri 

Ir 

8m 558 the waves were well defined, the max'« 2a being 0,08 mm aiad 
avexag0 period 15,7s. These waves were diatiibated into 6 maac* 



it 


w. omouL 


MHL j gwwp g . the average interval betmeu tibe aoooeeaive nutTii^i^ being 

Mte. 

{prVfT oomponeut). 

The P.T. lasted fcnr abont 19m SSa, Uie motion being veir mnitU 
The P^. For the firat 2m, Uie motion was small. Then followed 
well defined vibratioos, which lasted for 11m, and whose avenge period 
was, daring the earlier 5}m, 16,68 and, daring the remaining 6m 12s, 
12,4b. The max. 2a of 0,04 mm oocnrred at alx>ut 6m from tlie com- 
menoenient. 

iSjpbe Jfo, 155. June 25th 1899 ; 2h 25m 42 h a.m. 

Total duration = 36m. 

This was a small eartliquake at a great distance and the motion l)egaii 

very gradnallj. 

The P.T., whose doratiou was 19m r)5s, consisted of ^erj- small 
vibratioiis with an average period of 9s. 

The VJP., whose duration was 7m 35s, had an average jjeriod of IG.Bs, 
the max. 2a being about 0,04 mm in each oompouent. 

The E.P. The average period was 11s. 

Eqit No. 1S6. July 4th 1899 ; Oh 44m 11s a.m. 

Total duration = 24m. 

Thia wrara small earthquake at some distance. 

The P.Tk, whose duration was 3m 448, consisted of traces of very 
small andnltfacms of an average period of about 4,3s. 

The PJP., whose duration w'as 3m, had an average period of 7,68. 
The max. 2a was 0,03 mm in each component. 

The B.P. 13ie average period was 9,5s. 

This earthquake was observed at the Meteorological Obsen atories of 
Kagoshima and Oshima as follow's : — 

Kagoshima . . . . Oh 42m 688 a.m Slight. Motion gentle. 

Oahinu . . 0. 40. 0 .... „ Houses shaken. 
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Eqke No. 162. July 12th 1899; llh 66m 26 b p.m. 

Total duration =lh 2dm. 

(NS component). 

The P.T., whose duration was 3m 51s, had an average period of 7,3 b, 
there being also tiacee of small vibrations of an average period 
The amplitude was slightly greater in the earlier than in the later part, 
the max. 2a being 0,16 mm. 

The P.P., whose duration was about 7ni, began with the max. 2s of 
0,34 mm. During the first Im 14s, when the motion was most active, tiie 
average period was 10,68. Then followed quicker vibrations (max 2a= 
0,25 mm) of an average period of 6,8s. 

The E.l*. The average period was as follows ; — 

8,2s (at the c*ommencement), 

10,1 (Ih after the Iteginning of the earthquake). 

(EW eompoueiil ). 

Tlie P.T. lasted 8ni 45s, the max. 2a being 0,14 mm. The average 
period was 0,2s, there being also traces of smaller vibrations. 

The P.P., whose duration Avas 5in 24s, began w’ith the max. 2a of 0,5 
mm. During tlie fii^t Im 31s the average period was 11,48. Towards 
the end (max. 2a- - 0,3 mm ) the average period was 7,3s. 

The E.P. The average period was as follows : — 

8,5s (at tlie commencement), 

10,0 (Ih after the beginning of the earthquake). 

Eqh' No. 163. July 14th 1899 ; 9h 6m Ss p.m. 

Total duration =3h. 

This was a large earthquake at some great distance. The beginning 
of the motion is clearly defined, the very first displacement being 0,06 mm 
towards E and 0,1 mm towards N, followed by a decided counter displace- 
ment of 0,56 mm towards W and 0,5 mm towards S. 

(EW component). 

The P.T. Throughout this epoch, which lasted for 8m 28s 



IHiiiet mneh tmj. Tbam hovram^ & alighfc inowci in amplitadB 
478 from the oommeiioement, denahiiig ipobaUy the appeaxanoe of 
4iha 2nd P.T. The motion oonaisted of vibntioDa (max. 2asE0,6 mm) of 
ma aTem^a period of 6 ^ anperpoeed on akiwer and laiger nndnIationB 
(max. 2as(K8 mm) of an avaxa^ period of 14y2s. It is to be noted that 
in Una oaae the motion mm aetiTe from the veiy b^ginwing of the P.T., 
which did not oonaiat of amaU vibrations as generally happens. 

The PJP., whose duration was ^ 40s, began with three slow midula- 
taona of an avemge period of SOs, snperpoeed with small vibrations of an 
average period of 7,0 b. llien followed 4 well defined waves, which to- 
gether oocnpied 2m lOs and had an average period of 33s. Clf these, the 
3rd vibration, which was the absolute maximnm (2a =6,6 mm\ occurred 
at 2m 32 b from the commencement. The next three waves had an average 
period of 318. 

The PUP. showed occasional alternations of maximum and minimum 
epochs. The average period, deduced from 3 groups of 80 vibrations was 
aa foUows: — 

9,0b (in the earlier parti, 

9,0 (at about lb after the beginning of the eqke ), 

9,6 („ „ 2h8 „ „ „ ). 

(NS component). 

The 1st P.T., whose duration was 2m 48s, consisted of vibrations 
(max. 2a=:0,76 mm) of an average period of 15s, superposed with others 

{max. 2a==0,02 mm) of an average period of 7,1 b. The amplitude 

♦ 

remained nearly constant. 

The 2nd P.T., whose duration was 4m 16s, b^;an with a prominent 
(raax.) di^laoement of 1,45 mm, and consisted of vibrations of an average 
praiad of 16,78, anperposed with others of an average period of 5,7 b. 
Tlwm Boome d to exist also traoes of stiU quicker vibrations. 

The P.P., whose duration was about 9m 20a, began with a wbU 
defined vibzatum of (2a=l,5 mm), the succeeding 4 vibrations having 
— Tff”” ampUfcnda and an average period of 2 Qb. The moat active part 
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P.P, began at Im 38 b after its a omniftiirtAiwiiiifc Mtd laeMI iHFdiiil 
Ob, oonsisting of 12 undulations of an arerage period of lAs. Tbe dbflfittilV 
max. 2a of 3,2 mm occurred at 8h Iflwi 26s p.m. LatOT on tim- mstioB. 
OQDsiBted of regular vibrations of an average period of 9,48. 

The E.P. The average period deduced from three groups- 
vibrations was as follows : — 

9,38 (in the earlier part ; these being superposed on iwtlnlgi i irin t 
of an average period of 15,8s), 

9,4 (Ih after the beginning of the eqke), 

9.0 (2hs „ „ „ „ „ ). 

Gieneral mean .... 9,2s. 

No. 165. July 17th 1899 ; Ih 59m 238 p.m. 

Total duration = 21i 2m. 

This was a laige earthquake at a distance. 

(EW component). 

The P.T., whose duration was 4m 45s, had an average period of 468. 

The P.P., whose duration was 10m 30s was characterized by the «g- 
pearance of slow undulations. During the first Im 45s the motion was ill 
defined. During the nest 5m 8s, however, there appeared a max. group, 
consisting of 15 conspicuous waves of an average period of 2Qs. These 
were superposed with small vibrations of an average period of 5,fia. After 
thiR predominated waves of an average period of 12,8s, whjjch lasted for 
3m 50s, and of which the last Im 38s interval formed the most active 
portion of the earthquake, the mas. 2a of 0,15 mm occurring at 2h 13m 4s. 

The E.P. The average period deduced from two groups of 50 vibra- 
tions, was as follows : — 

11,3s (at the commencement), 

10.0 (towards the end). 

There were some alternations of mas. and min. epochs. 

(NS component). 

The Ist F.T. was well defined and lasted for 4m 12s. In tlia.«aajier 
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frflt pwdniniurtiid small vibnUkais of an avenga period of S,6 b, while 
ha An Irtar part piedomiuated thoee of an average period of 5,98. 

9rid P.T., whoHp duration waa Sm SOr, began with well defined 
Ifiwril vibratiiUDS, w 1 iom> max. 2a waa 0,05 mm, and whose average period 

Jftm o^OB. 

The F.P. began witli 15 alow andnlafions, wliich lasted for 4m 58e 
and had an average period oi 20r. 'DieRe were followed by quicker active 
vilnationB, which began with the (abn.! max. 2a of O.OC mm and had an 
avmage period of 13,7a. 

Bqke No. m. July 17th 1899 ; 71> 48in 2s p.m. 

Total duration = about 29m. 

This was a small earthquake at a di.stauce. 

The P.T. lasted for about 3in lOs. 

The PJ*. The max. 2a was <>,02 mm in ejich compoucut. Tlie 
average period waa 17,4 k. 

No. 168. July 2l8t 1899 ; 7h 25m 55s u.m. 

Total duration = about 18m. 

This was a small earthquake at some distance and the motion con- 
sisted mainly of regular vibrations. 

(NS component). 

The P.T., whose duration was about Im 28s, had tlie max. 2a of U,04 
Him and an aiferage period of 3,0s, there being also traces of slow undula- 
tions. 

The PJ?. consisted of a great number of nearly similar vibrations, 
whose average period was 4,2s. The max. 2a of 0,07 mm occurred at 
aboob from the beginning of the earthquake. 

The EJ. The average period, measured towards the end, was 6,3e. 

The EW component diagram was not obtained, as the earthquake 
took place during the change of the record-receiver of that component 
apparatus.' 
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Eqbe No. 169. July 24tli 1899 ; lOh 23m 338 a.m. 

Total durations 111 45m. 

This was a large earthquake at a great distance. 

(NS component). 

The P.T. lasted for about 3m IDs and had an average period erf 12f4|^ 
(The beginning was slightly oonfused by the presence of small P.O.) 

The P.P., whose duration was 21m, began with a group of vibrationa 
whicli formed the most active part of tlie motion, the max. 2a Iwiwg 0,18 
mm. Thereafter the motion remained nearly constant in amplitude, 
except for altermations of max. and min. epochs. The average period,' 
deduced from three successive groups of 30 vibrations, was as follows ; — 

9,7a (General mean) 

10.3 10,1s (measuied near the commence- 

10.4 ) meut of the P.P.) 

The E.P. The average period deduced from three successive groups 
of 30 vibrations taken at alxiut Ih after the comineneement of the earth- 
quake was as follows : — 


10,3s N 
10,1 
9,0 ) 


(General mean') 
9,8s. 


(EW component) 

The P.T. lasted for about 3m Os, the motion being very small. 

The P.P. The max. 2a of 0,1 mm occurred at the commencement. 
The first 17 undulations which tcgetlier occupied an interval of 3m 468, ; 
and liad an average period of 13,3s, formed the most active part erf the 
motion. Then followed regular and somewhat quicker vibrations (max. 
2a =0,1 mm), whose average period, deduced from tliree successive groups 
of 30 vibrations was as follows : — 


10,3s \ 

Q Q I (General mean) 

f 10,3s. 

10,8 ) 



Total d9x«ti(»=90in. 

This was a small aarttajaato aft aoomparafti^j gnat dwtsnBai The 
hogiwaing of the motioii was aomevhaft obacnte on aoooant of the pnaenoe 
<3<P.O. 

(EW o oropon ent). 

lha PJC. saa itoft mil dehned, bat the moftian began with small 
lEfbcaftkaia of an avenge pexiod of 7,8 b. The max. 2a of 0,05 mm ooonned 

at 3 bI IQb fanuTi tliA /vim nwwify m Ant_ 

XIBS eo p ya o ti). 

13bB mmc. 2a was 0,08 mm. 

P.O. The average period, measured immediately before the earth- 
qtaake, was 3,8b. 

No. m. July 30th 1899 ; 4h 44m 6s a.m. 

Total dnration=41m. 

This was a very small earthquake at some distance. 

(NS omnponent). 

The motioa began gradually and the P.T. was not well defined. 

Near the beginning the average period was 7,0g. In the most active 
part of the motian, at about 16m from the commencement, it was 14s. 
The max. 2a was 0,02 mm. (The EW component diagram was lost by 
aoeidenoe.) 

JESghe No. 173. July 31st 1899 ; Ih 30m 11s a.m. 

Total duration = about 22m. 

Thia was a small earthquake at some diaftaaoe. 

The P.T. was not well defined, the motioBl^adually becoming larger. 
The max. 2a was 0,04 mm in the EW and 0,02 nun in the NS component. 
Tim average period was as follows : — 

7,4s (at the commencement of the PP.), 

7,9 (in the most active part of the PP.), 

8,0 (near the end of the earthquake). 
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Eqka No. 177. August 1899 ; Ih 50in 2s x>>ni. 

Total duration =2h 19m. 

This was a large earthquake at a great distance. 

The beginning, the Ist and 2nd P.T.’s, and the P.P. ^ deiti#lr 
deiined. 

'EW component). 

Tlie Ist P.T., whose duration was 6m 6s, began with small waves of 
an average yieriod of 2,6s, superposed on slower vibrations of am 
averag<5 pericxl of 9,1s. After 2m 26s there appeared well defined vifera- 
tions of an average period of 7,0s, whose max. 2a of 0,4 mm oocuned Im 
50s later on. This maximum motion was, however, by no means a pro- 
minent one, the amplitude remaining sensibly constant tluoughont this 
ppocli except at its commencement. 

The 2nd P.T., wliose duration was 3m 25s, consisted of well defined 
vibrations (which were not at all small tremors) of an average period d 
6,0s, superjxwed more or less distinctl 3 ' on slower waves of an average 
})eri(xl of 13,6s. There existed also some ill defined traces of still slower 
undulations. 

The 2nd P.T. began with its maximum vibration whose period wae 
14s and whfwe lii-st and second displacements W'ere as follows : — 


(1st displ.) 
(2nd displ.) 


f 1,28 mm towards E, 


1 0,6 „ 

99 

s. 

f 2,2 mm 

99 

W, 

\ 1.04 „ 

99 

N. 


The resultant ranges of these two displacements were respectively 1,4 mm 
and 2,4 mm, their directions being S 66® E and N 62® W. 

The P.P. lasted for 5m 20s and began with two slow undulatums 
whose 2a was 1,7 mm and whose period was 32s. Then followed two 
large proper pendulum oscillations of an average period of 28s,/tiiia£r 
maximum 2a of 12,4 mm occurring at 2h Im 148. After these there iq[>- 
peared four slow undulations of an average period of 37s, the first of 
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viikit )ttd a max. Sa of 4s,7 xom. Tb» snooeeding maiicni was very nraoh 
smaller. 

Tlie E.P. consisted of r^nlar simple waves. The average period, 
deduced fnmi two snooeasive groups of 100 vibrations taken at 45 m after 
the commenoement of the earthquake was as follows : — 

^•3e 1 (General mean) 

8,8 / 9.1a. 

There were no marked alternations of max. and inin. inoreineuts. 

(NS component). 

The 1st P.T., lasted for 6in 8s and began with a vibration wliosi' 2a 
was 0,3 mm and whose period was 10,9a. The motion oousiKted essential- 
ly of vibrations whose average jjeriod was 9.7a and wliose max. 2a of 0,46 
mm occurred near the middle of thia oikk-Ii. There were also tnu*oa of 
smaller vibrations of an average {leriod of 5,6s. 

The 2nd P.T. began with the maximum vibration and lasted for 3m 
46s, the motion consisting essentially of waves of an average period of 
13,38, superposed with others of an average period of C,5s. The 2ud 
P.T. was in this ca.se not at all a tremor, its amplitude Innug nearly equal 
to that in the P.P. which followed it. 

The F.P. lasted for about 11m 15s. Tlie max. (abs.) 2a of 1,9 mm 
occurred at 2h 2m IGs, its period being 13,9s. The average i)eriod, 
measoied towards the eud of this epoch, was 16,4.s. There were also 
tmees ci somQ.slow uudulations. 

JSqhe No, 185. August 14th 1899 ; 8h 55m 20s p.m. 

Total duration = about 6m 30s. 

This was probably a distant earthquake, and the diagram showed 
’'trsoes of small slow movements of an average period of 9,5s, superposed 
with quicker vibrations. 

JEqbe No. 186. Angust 18th 1899 ; 5h 46m 31s a.m. 

Total duration =lh 10m. 

ThH^ws. an earthquake at a great distance. 
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The motion began with veiy slight vibmtions, bat the eoiiuneiW|iiiiDeiii 
was clearly recorded. The 1st and 2nd P.T.’s as well as the P.P. wsere 
also well defined. 

(EW component). 

The let P.T. lasted for 9m ISs, the amplitude, which was yery 
remaining nearly constant. The average period was about 8,3s. 

The 2nd P.T., whose duration was 16m 30s, had an average period of 
9s. The amplitude remained nearly constant throughout this epoch or 
rather the first lialf portion had a slightly greater amplitude than the 
second lialf. The max. 2a M’as 0,05 mm. 

The P.P., lasted for 15m and consisted of well defined vibrations of 
an average period of 13,8s, whose max. 2a of 0,35 mm occurred at 6h 15m 
28s. 

The E.P. The average period deduced from two successive groups 
of 50 vibrations was as follows : — 

10,5s - (Geneial mean) 

11,9 I 11,28. 

(NS component). 

The Ist P.T. lasted for 7m 25s. 

The 2ud P.T. lasted for 16m 50s and had an average period of 8,6 b, 
the max. 2a being 0,05 mm. The motion was most active at the com- 
mencement, but practically nil towards the end. 

The P.P. whose duration was 13m had an average period of 13,68. 
The m(jtion presented a series of alternations of max. and min. epochs^: 
there being, in particular, five conspicuous maximum movements which 
occurred respectively at 6h 11m 46s, 6h 14m 18s, 6h 16m 63s, 6h 19m ISs 
and 6h 21m 23s. The fourth was the absolute maximum, its 2a being 
0,35. mm. 

The E.P. The average period deduced from two successive groups, 
of 50 vibrations taken at the commencement was as foUows : — ’ , 

% 


12,3s ^ (General mean) 
12,2 / 12,3s. 
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IM), The emidibide vae Tety MUelL The eTenge period, meaeared 
VhtplNiM» the oonuBeuoemeni of tiie eeithqoake, was 4 ,Sb. 

gffcf Ko. IS^. August 21st 1899 ; Ih 11m 44s a.m. 

Total duxatiou=abont 22m. 

This was a small earthquake at a great distance. The motiou was 
vezy small. 

(NS oomponent). 

The P.T. lasted for 7m 5os aud cousisted of verr small ribratious of 
an average period of 7,1s. 

The P.P. consisted of a great number of uearij similar regular ribni- 
tioos ol an avenge period of 10,5s. The max. 2a was 0,025 mm. 

(EW comptment). 

The morion was much smaller tlian in tlie N8 component. 

Eqbe Ko. 188. August 25th 1899 ; Oh 20m 7s a.m. 

Total duration =lh lOm. 

This was a large earthquake at a great distance. Tlie coinmenceineut 
was dearly recorded and tlie 1st and 2nd P.T.’s a.s well as the P.P. were 
well defined. 

(NS component). 

The 1st P.T. lasted for 9m Os. During the first 4ni the motiou was 
small, the max. 2a being 0,05 mm and the average period 4,8 h. In the 
xemaander of this epoch, the amplitude was nearly the same as before, 
hot the avenge period was lengthened to 10,48. 

The 2nd P.T., whose dnntion was 8m SSs, began w'ith a group of 9 
most acrive movements, occupying leather Im 29 b. Their average period 
was 9,9 b and the max. 2a of 0,22 mm occurred near the end of the series. 
The fdlovring motion consisted of uniform regular vibrations, w'hich 
decreased toarards the end, the average x>eriod being 7,0s. 

The P.P., whose dnntion was 12m 20s, began gndually with small 
slow undnlatunis. During the first 8m 55s, the avenge period was 27s, 
the ampiltiide becxnning somewhat promiiieait first at dm Os after the 
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oommenoement of tbe P.P. At Oh 4dm ^ »ppeuttd 4 ireH ddfawd 
which fotmed tlte most active jmrt of the motiou and whose gid vihwiHflB 
had a max. 2a of 0,2 mm ; their average period was ^2s. The fcdkavui^ 
movements were much smaller, their average period beii^ 10,4s. 

The E.P. here comprises the part of the motion whose amplitude Svas 
not at all small, but whoee period was somewhat quicker than in the P.P. 
The average period deduced from two successive groups of 50 ^'ibrat^ollB 
(taken at the commencement) was as follows ; — 

17,9s (General mean) 

16,5 f 17,2s. 

Tlie motion showed a series of alteiiiatious of max. and min. vibrations 
there being, duiing the first 80m, 9 max. and 9 min. groups. 

(EW component). 

The Ist P.T. lasted for 10m Ss. During the first 3m 35s, the motion 
was small, the max. 2a l>eing 0,03 mm ; the average period was 4,3e. 
The ft)llowiug vibmtions had an average period of 6,98, the max. 2a being 
(►,06 nun. 

The 2nd P.T., whose duration was 10m 5s, liad an average period ot 
8,98. The amplitude was greater at the beginning than at the end. The 
max. 2a of 0,15 ram occurred at Oh 32m 67s. 

The P.P. The max. 2a was 0,08 mm, the motiou being smaller in 
this than in the NS comjponent. 

£qke Ko. 189. August 26th 1899 ; 7h 7ra 11s a.ra. 

Total duration = about 20m. 

This w'as a small eartliquake at some distance. 

The commencement was somewhat obscure, but the 2ud P.T., Mid 
the P.P. were well defined. 

(EW component). ' / 

The 1st P.T. lasted about 42s. 

The 2Bd P.T. lasted for Ijm 13s and consisted of small batf disttaat 
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>lihHiiaiM ol ut averag* period ct 9^ The MapUtQde mmainied nearly. 
^QHleatk mtlier sUghtiy deeraeeed towaids the end. 

The P.P. laiited for 3m 46 b and begym with 6 principal undulations 

V 

whoae a\erage period mts 10,98 ; the 3rd vibration having the maximum 
9b of 0,2 mm in the EW and 0,12 mm in the NS component. The 
remaining portion had an average period of 9,0 b. Tlie motion showed in 
the EW component three altematioim of max. and min. movements, the 
maximum occurring respectively at 2m 198, 3m 33s and 4m 59 b from the 
commencement at the earthquake. 

The E.P. The average period, deduced from three successive groups 
of 50 vibrations, was as follows : — 


7,1r 

7,0 

7,4 


( General mean i 
7,2 r 


(NS component). 

The P.T. lasted about 2m 36 h. 


Ogbe No. 190. August 26th 1899 ; Ih 58m 29s p.m. 

Total duration = about 20m. 

This was a small earthquake at some distance. The diagram is very 
similar to that of the preceding earthquake No. 189. 

The Ist P.T. lasted for liu 11s. 

The 2nd I P.T. lasted for Im 2s and consisted of well defined quick 
vibrations of an average period of 3,1s. Tlie max. 2a was 0,03 mm in 
each oompcment. 

The PJP. lasted for 3m 328 and began with four well defined large 
vibrations of an average period of 10,1 b ; of these the last movement was 
the maximum, its 2a being 0,18 mm in the EW and 0,17 mm in the NS 
oomjKment. The succeeding waves had an average period of 9,2 b. The 
motiosi showed in the EW component three maximum groups, occurring 
M^eetivtfy at 2m 498, 4m 28 and 5m 338 after the commencement of the 



HOBIZOKTAL PENDULUM OBeSBVATIONS OF BUtTHQUAXXS. 


eaithquake., Stich an alternation of the n^x. and min. uoremetoB wi 
not indioated in the NB component. . 

The E.P. The average period deduced from two successive gproaps of 

I 

60 vibratious was as follows : — 

7,88 (General mean) 

7,2 7,58. 

Bi/jf&e No. 193. September 4th 1899 ; 9h 31m 698 a.m. 

Total duration = 3h. 

This was a very laige earthquake and originated, as eqkes Nos 196. 
and 197, off the south-west coast of Alasca. The following extract is 
taken from the Japan Tinu'-v of October 31st 1899. — 

A big Alascan Earthquake. 

Port Townsend (Wash.) Sept. 24. — (Jonoerning the recent earthquakes 
along the coast of Alasca, the reverend Sheldon Jackson, United States 
Educational Agent for Alasca, writes as follows from Yakutat under date 
of Sept. 17th. 

„ The first shock was exiierienced on Sunday, Sept. 3rd, but being 
slight, caused no alarm. During the following week other shocks 
were felt, and people began to get nen’ous. On Sept. 10th, at 9.20 
. .a^m.. shocks became so violent as to cause genuine apprehension. 
During the following five hours there were fifty-two distinct shocks, 
culminating at 3 p.m. in a shock so severe that the people of Yakutat 
were hurled violently across their rooms, or,, if outside, thrown to the 
ground, while pictures fell from the walls and clocks and dishes 
crashed from the shelves and houses rocked and sweiged and 
whirled, while the mission bell rang violently in the Skakine Ghurc^ 
tower. 

„ Paine stricken, the inhabitants regained their feet and attempted 
to flee to the hills, only to be again thrown to the earth, all ihe^'wbile 
creaking. Gaining the hills and looking seaward, they were' tMtts- 
flxed with borrow as they saw a great tidal wave apparently a wsU el 



F. OHQU. 


«nlMr 80 fiwi i^ipgpa ohing with the npeed of a xaoe hone, that 
vonid engolf their village and sweep away their homee. Befora the 
ahme waa reached the earth opened in the bottom of the harboor 
and into this chawn the tidal wave spent its f<m», and around it the 
eea seelled Uke a great maelstrom. This seaved the village from 
deetniction. 

The tide would rise ten_ feet in the epaoe of fonr or five minutes 
and in an equally short time go down again. These andden finctna- 
tknia being frequently repeated, tents were pitched on the lulls back 
ci the village and nearl}* tlie whole population. are camping out, 
fearing tiiat another tidal w'are may come. From the 10th to the 
present time there liave lieen frequent shocks, one having occurred 

thia forenoon Great spruce forests for miles along the 

shore were uprooted, broken into pieces and massed into great piles 
with a roar that was deafening. Large rocks weigliing fourty tons or 
mom were refiling over one another down the mountain like so 
many pebbles. Hubbard glacier, w'itli its two and a half miles of sea 
fremt, thousands of feet thick, extending for miles back to the summit 
of the mountain, broken from its moorings and witli a grinding in- 
describle roar that shook the surrounding hills moved bodily from 
half to three-quarters of a mile into the sea. Mountains were thrown 
down, the sea opened and portions of islands disappeared 

„ Rumours are afloat that a poitiou of Gape 8t. Elias and Khau- 
taak island have disappeared in t]ie sea . . 

(RW component). 

The Ist P.T., whose duration was 7in 36s, consisted of vibrations 
of an average period of 7,98 (max. 2a =0,25 mm), superposed with still 
smsBeronesof an average period of 3,ds (max. 2a =0,15 mm). There 
wars also txaoes of slow undulations of an average period of 18 b. The 
eonunenajBment yraa small and gradual, but distinct, the amplitude re- 
maining on the whole constant. 

. Urn dsd P.T., lasted for 9m 38s and began with a motkm of 0,46 mm 
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towards W followed by a well pronotmced ondnlation whose period wae 9Aft> 
and which consisted of the two displacements 

(Ist I 2,6 mm towards E, 

(2nd) 4,1 „ „ W. 

For the next 6in 12s the amplitude did not much vary and was slightly 
smaller than tluit of the above introductory wave the average, peziodl 
being 26, 2 h. After these, took place two conspicuous undulations of an 
average pericxl of 34,5s, the first of wliich had the max. 2a of 5,6 mm< 
There were also traces of slow' tindulations with an average period of Im 
6s. It is to be remarked that the 2nd P.T. was in this case not it all a 
small insignificant tremor but consisted of large well defined waves. 

The P.r. lasted for 22m, and began with seven large undulations 
which together occupied .‘Ini 488 and had an avei-age period of 32,6s ; the 
second having the max. tabs.) 2a of 16,2 mm. These vibrations, which 
were apparontlj' produced by the composition of the proper oscillations 
of tlio ])('ndulum with tlio eartliquake motion, were arranged as follows : — 

Ist motion : 5,5 mm towards "W, 

2nd : 11,3 „ „ E; 

then f()llow<‘d the max. motion above noted; 

the next vibration w'as a little smaller ; 

the two next ones were small ; 

then follow'ed the second max. 2a of 13,8 mm. 

After tliese the motion became quicker, the average period during the 
next 4m 42s being 23,5s. For the next 4m 51s the motion consisted <A 
well defined vibrations, whose max. 2a was 4,8 mm and whose average 
period 16,2s. During the remaining part the average period was 14,98. • 
The E.F. For the first 26m the motion was more or less large, the 
average period of the principal vibrations [^being 16,2s. There were alac 
traces of slower undulations of an average period of 61 b and of 'o^hero 'oA 
an average period of 24s. During the next 12m 30s, the prihcipid Wares 
an average period of 20,8s, superposed with smaller vibratiotiS. F^ren 
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48ai After the eoaunsiKMiiieBi of the eA r t h qna k e , the motkm ooih 
rilMl e—ntiePj of ngohur. wAvea, whoee AFwege period, dedvoed from 
ttnee mwoeesiTe groaps of 50 rifaretiomB, was as follows : — 


10.4s 

10,9 

10,3 


(General mean) 
10,5s. 


Eqhe No. 196. September 11th 1899 ; 31i 14m 16 h a.ni. 

Total ditntion= about 31i. 

(KW oom p onent). 

^le IstP.T. lasted for 7m 38s and musisted of small vibrations ct 
an average period of 6,8s. 

The 2nd P.T. lasted for 6ni 53s. 

!nie PP*. The max. 2a was 2,6 mm and the average period was 328. 
^Die E.P. The average period, measured at about Ih after the eom- 
menoement of the earthquake, was 10,4s. 


E!q1oe No, 197. September 11th 1899 ; 6h 50m 58s a.m. 

Total duration =4h. 

This was a very large earthquake and, like the two preceding ones, 
ox^pnaied off the south-western coast of Alasca. It appears that, at the 
origin, ritocks happened almost .continuouslv after the eqke No. 196, the 
diagram showing more or less distinct traces of motion throughout the 
tiine interval between the latter and this eax^quake. 

(EiW oomponent). 

The 1st P.T., whose duration was 7m 43s, consisted of small vibra- 
tkms of an average period of 4,3s, superposed on larger ones of an average 
period cf 9,3e. 

The 2Bd P.T., whose duration was 6m 30s, began with a well defined 
.diaplaoement af 2 mm towards' E, followed by 14 large undulations with 
an- avenge period of 27s, 

The PJP., whose duration was about 15m, began with four very slow 
ntefatetanne wH&i an average period of 418, Then followed five large 
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proper oscillations of the pendnlmn, their max. 2s 10^ mm. ' 
STerage period, measured at about 23m from tlte commmioemeiBt 
earthquake, was 248. 

The E.F. The average period, measured at respectively Ih, 2h and 
3h after the commencement of the earthquake, was as follows : — 


9.98 (deduced from 67 vibrations), 
9,8 ( „ 100 „ ), 

9,7 I „ 60 ), 


(General mean) 
9,8s. 


It will be observed that in the three foregoing earthquakes, Nos. 193, 
196, and 197, the 1st P.T. lasted for an almost exactly identical interval 
of time. This shows that these earthquakes originated very nearly at aa 
equal distance from Tokyo. Ai!»eaz&ing the position of their centres to be 
near the Cape St. Ehus, the Sjiherieal distance between it and Tokyo 
would be about 6100 km. 


Eqke No. 108. September 11th 1899 ; 8h 44m 358 p.m. ■: 

Total duration = about 19m. 

This was a small earthquake at so^e distance. Tliere were small 

P.O. 

(EW component). 

The 1st P.T., whose duration was 2m 5s, consisted of small vibrations 
of an average period of 3,9s, superposed on slower ones of an average 
period of 9,2s. 

The 2nd P.T., whose duration was Im 36s, commenced with the max. 
2a of 0,08 mm. The motion consisted of well defined vibrations of an 
average period of 9,6s, superposed with smaller ones of an average peri^ 
of 3,7 b. 

The P.P., whose duration was 3m 48 b, consisted of regular wi^ 
defined vibrations. The first 12 waves, which together occupied Tjka. 488, 
had an average period of 9,0s and were of nearly an equal amplitade ; iha 
2nd vibration having a max. 2a of 0,16 mm. The motion then lenMiaed 
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mmS lor 43a, bvfc waa again ioeRMMed lor tiie next Im lOa, the maximum 
3a being 0,14 anaa aaid the average period 9,38. 

£.P. showed at first some iusiguificant alternations of max. and 
min. ‘movements. The average fieriod was 7,6s. 

{NB oompouent). 

The max. 2a was 0.1 nun. 

P.O. The average iieriml. inea-Huml immediately after the earth- 
quake, was 4,6s. 

Ko. 200. September 17th 1809 ; lOh liu 8s p.ni. 

Total duration = 21i. 

This was an earthquake at a great distanee. 

The P.T. lasted for about 9m 20s. 

The P.P. consisted of small regular vibrations of an average period 
of 8,7 b. Tlie max. 2a was 0,05 mm in the EW and 0,02 mm in the N8 
oompouent. 

Eqhe No, 201. Septemlier 20th 1899; llh 24m 27 k a.m. 

Total duration = lh 15m. 

This was the great Smyrna Earthquake. The Jnjmu Timeit of 
November 12tb liad the following article. — 

„ Gonstahtiuople, October 2. — ^It is now estimated tltat 1500 
'Persians perished in the earthquakes in Asia Minor, around Aidin. 
The first shock occurred at 4 o’clock in the morning of September 
20th and lasted 40 seconds. The effects w'ere appalling, ^/7'hole 
villages were completely destroyed. The earthquake was felt an far 
as Sok), Mitylene and Smyrna. 

„ The latest advices from the stricken area show that men, women 
and children were buried in the mins of their dwellings before they 
reslued their danger. Numbers of bodies still lie beneath the 
debris. About 500 persons were killed at Sarakeni and some 500 at 
Dsaisli, where three-fotliths of the buildings fell. There was pro- 
.patthmato loss of life in many of the smaller villages. The distar- 
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banoe has not jet subsided, although its stnei^^ appears to I 10 
spent. The shocks continue almost daily, but with no great TioliBiioe, 
The population is encamped in the open. 

„ One consequence of tlie earthquake is the subsidence of the lewel 
of the Aidin district by two yards. Sulphurous springs burst out in 
the yalley of Noander and the oountiy' between Aidin and Denidi 
became full of crerioes, out of which rushed black, muddy watkr 
with sufficient volume to wash away a flock of 1000 sheep. 

„ The villagers of the Talley of Noander report that for several 
days previous to the catastrophie domestic animals were greatly 
disturbed, bleeting and barking.” * ^ 

Assuming the origin of the earthquake to be in the vicinity of 
Deuizli, the distance l>etweeu it and Tokyo would be 82° 26' or 9200 km 
along the great circle. Tlie time oi occurrence of the earthquake in Tokyo 
is, w'hen referred to the meridian of Smyrna, alK)ut 4h 12m a.m. 

(EW component). 

The 1st I’.T. lasted for lOin 19s and consisted of small vibrations of 
an average i)eriod of 6,0s, superposed more or less dkitinctly on traces of ^ 
slower waves of an average iieriod of 8,78. 

The 2nd P.T. lasted for 12m Os and consisted of well defined vibra- 
tions of HU average period of 10,5s, superfiosed w’ith some minute vibra- 
tions. 

The P.P. lasted for 21m. For the firet 12m the motion consisted of . 
verj’ slow undulations, w'hose period was 42s, superposed with some small 
vibrations. After this, the movements became quicker, the average period 
deduced from two successive groups of 40 vibrations l)eing as follows ; — 

16,5s ^ (General mean) 

14,6 / 15,6s. 

The max. 2a of 0,9 mm (period 16,7s) occurred at 41 m after the ccnu- 
jnencement of the earthquake. 

F.O. In the early morning of the 22i^ the P.O. became promment. 
Their average period deduced from three successive groupu of flO 
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vShalkaiB abcNit 5h after the oonua^iioemeiit nf ilie earthquake, wae as 
foBoam: — 

6,6b \ 

^ y I (GeDeral mean) 

sis I 

Their mar. 2a wae 0,06 mm. [The NB component diagram was not 
eatwfaetnrily registered, as the sharp conical point (the point of support) 
of the strut of the horizontal pendulum was damaged, indicating thereby 
only the proper oacillation of the latter.] 

JBjile No. 202. September 23rd 1899 ; 8h 26m 228 p.m. 

Total duration = about 24m. 

There were some doubtful traces of a nmall earthquake at a distance. 
The reoord was confused by strong P.O. 


Ngie No. 203. September 23rd 1899 ; llh 8m 468 p.m. 

Total duration = about 28m. 

This was an earthquake at a distance. The diagram was somewhat 
confused by a strong storm of P.O. 

(NS omnponent). 

At about 7m 30 h from the commencement there appeared traces of 
alow undulations of an average period of 228, whose max. 2a was 0,07 mm 
in the NS and doubtful iu the EW component. 

P.O. The average period was 8,08, and their max. 2a was 0,06 mm 
in each component. 

No. 205. September 28th, 1899 ; 3h 58m 14s p.m. 

Total duration = about 19m. 

' This was a sm^ earthquake at some distance. The P.T. was'^not 
well defined. 

The max. 2a, which occurred at 4m 45s after the commaoioement, was 
0,04 mm in the EW and 0,06 mm in the NS component. The average 
peiiod was about 6,4 b. 
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P.O. There were veiy smidl and quick P.O. whose aren^ period, 
measured a few homs before the earthquake, was 3,4 b. 

Eqhe No. 206*. September 29th 1899 ; 8h 40m 28s p.m. 

Total durations 17m. 

This was a small earthquake at a distance. 

The P.T., whose duration was about 2m, liad an average period of 

3,38. 

The P.P. whose duration was about 4m had an average period of 
8,9s ; the max. 2a being 0,1 mm in each component. 

Eqke No. 207. September 30th 1899; 2h 11m Os a.m. 

Total duration =lh 30m. 

This was the great earthquake which caused much damage along the 
south coast of the Ceran Island and in the Molluccas. The following 
extract is taken from Dr. J.P. van der Stoke pAper, entitled “Two 
earthquakes, registered in Eurox^e and at Batavia.”* 

1. In the night of 29 to 30 September 1899, a heavy earthquake 
caused serious damage at the south coast of the isle of Ceram and in 
the Molluccos. 

„ The first official report, sent by the Besident of Amboina to the 
Governor-General immediately after the disaster, runs as follows : 

„ In the night of 29 to 30 September at Ih 46m a.m. a heavy 
earthquake, followed by a series of sea-waves, caused considerable 
damage at the south coast of Ceram and, in a less degree, also at the 
isles of Ambon, Banda and the UUas-isles. Several villages a^ 
Ceram’s south coast have been devastated ; in the Elpaputih-Bay al 
except two. The prison at Amahei has been completely destroyed 

Hi 

the fortifications partially, whereas the presbytery and the chtoohei 
remained unhurt, as also the garrison and the civil officers at Amahei 
and Eairatoe. 


Koninkl^ke Akadaniis van Weteasohappcn to Aatatoiduii. December TO 
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„ Aa tlw (iovenkmeni stoMner Arend provAd incapable of doing all 
Uie wor k « the atoamexs CkmTenieiu^i)ene»rH Jacob and Japara of 
the Bojal Pnkketvaart-Oompany -were chaitcred in order to oaoTej 
Tictoala and medkal aaaistanoe and for tlic transport of the woonded, 
whilrt alao the Reaident of Temaie was rp<{aested to giTe aasistanoe. 
Fftnriaiona and material for. building are to be had at Ambon in 
aniBeient qnantitiea and have been })rovided immediately ; but in 
other reapecta tliere is still much suffenuuM'. 

„ The ateamers Jacob brought over to Amboiua 27 wounded, whilst 
the Japara, by which boat the Resident and first medical officer went 
to the place of the disaster, conveyed 49 wounded from Amahei and 
Sapama. 

„Ftom Banda, M-hen*. the pier liefore fort Nassan lias been 
deatroyed, 8atisfa<*tory information lias been received. 

,, According to preliiniuniy rejxirte the nmulier of natives, killed 
by the disaster, amounts to 4000 and that of the wounded to 500. 

„ The natives who sun-ived have fled to the inland country and do 
not venture to come Imck to their hamleta : there is much agitation 
everywhere, where the effect of the earth and sea waves lias lieeu 
felt. Tlie petixjleuin establishment at Bnlobav lias not suffered any 
damage.” 

2. The seismograms, received from Dr. Figee, show that this 
earthquake has lieen registered very neatly at the Royal Observatory 
at Batavia. 

As far as 1 know this is the fir-st cjise tliat an earthquake, origi- 
nating in the Molluccos lias been observed at Batavia by means of 
llflne's seismograph. The motion commences abruptly at Oh 14,6m 
Bata v ia time, which correspondB to Ih 43,3m local time, the dif- 
ference in lorrgitude between Amahei and Batavia being Ih 29, 7m. 

If we aaenme the origin of the earthquake to have been situated off 
the aonibeiB ooeet of the Island of Oeram, at a point long. 129° E, lat. 6° 
S, tbe distance along the gpeat circle between the origin and Tokyo would 
be 4800 loQ, and that between the origin and Batavia about 1950 km. 
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(EW oomponent). 

The 1st P.T., whose duration was 5m 46s, consisted of vihntioBiBnf 
an average period of 8,9s, superposed with smaller ones of an avan^ 
period of 3,6s. 

The 2nd P.T., whose duration was 3m 39s, consisted of vibrationsil ci 
an average period of 8,4s, superposed more or less distinctly on traces 
slow undulations. 

The P.P. lasted for about 10m and began with the conspicuoos 
maximum undulation, whose period was 33s, and whose two displacements 
were as follows ; — 

(fiist motion) 3,3 mm towards W. 

(second „ ) 5,4 „ „ E. 

Tlie undulations which followed this maximum were far smaller than 
the latter, their average period being 20s. 

The E.l*. The average period, measui-ed iit about Ih after the com- 
mencement of the earthquake, was 12s. 

The component of this earthquake as w’eU as of the following was 
not satisfactorily recorded, on account of the same circumstance as with, 
eqke No. 201. 

Uqlcc No 210. October -Itli 1899 ; 6h 56m 22s p.m. 

Total duration = lh 5m. 

(EW component). 

The P.T., whose duration was 2m Os, consisted of small vibrations of 
an average period of 2,9s. 

The P.P. lasted for about 10m and began with eight slow undnlationa 
which together occupied 2m 10s and had an average period of 16,3s ; the’ 
third vibration liaving the max. 2a of 0,2 mm. Then followed for the next 
7m 55s well defined and quicker vibrations of an average period of 11,9b. 
There were also traces of small movements of an average period 4,1s, 
these being recognizable till 8m after the commencement of this epocli. 

The E.P. The average period, deduced from three socoessfve Sezi^ 



r. OM 08 I. 


id 60 TibmtikMM, taken al 80m after the beginning of the motion, wae aa 

lallotni:— 


8.98 

9.4 

9.9 


} 


(General meant 
9.4s. 


component). 

The P.T.^lasted for about 2iii Os. 

The PJP. For tlie first 2iii 45s. the motion consistcHi of ten slow 
tmdnlatiouB of an average |>en«.Hl of IG.os; the fourth vibration liaviug the 
max. 8a of 0,25 mm. Then followed quicker waves whose max. 2a w’as 
0.2 mm and whose average ]ieruMl was 11,6s. In the earlier ])art of this 
opoch there were also traces of small c|uick movemeuts. 

P.O. P.O. became strong from about 9 p.ni. (Oct. 4th i, the maximum 
motion being 0,05 mm in each <.‘omix>uent. The average jieriod, ineasuitHl 
13h after the commencement of the earthquake, was 6,7s. 


Eqhe No. 211. (X.'tober 5th 1899 ; 5h 24m 49s a.iii. 

The diagram showed traces of a small earthcjuake at some distance, 
■obiBcared by strong P.O. The max. 2a wa.s alout (>,05 mm in each com- 
ponent. 

HqJx No. 217. October 14th 1899 ; Oh 38ni 5s a.m. 

Total duration = lh 39m. 

component). 

• 

The let P.T. lasted 4m 25s and liad an average period of 7,4s, there 
being also traces of small vibrations of an aiorage period of 4,0s. The 
' max. 2a was 0,07 mm. 

The 2nd P.T. lasted 4m 12s. The principal average period was 
10,88, and the max. 2a was 0,14 mm. 

The P.P. lasted about 7m. During the first . 2m 41 b, the average 
period wae 20 b, the max. 2a being 0,14 mm. The subsequent vibrations 
Hfcd an aTexage period of 13,0s. 
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The E.P. The average period deduced from two suooeasive grooiedK 
50 vibrations was as follows : — 

10,4s (mean) 

10,0 ^ 10,2s. 

(EW component I. 

Tlie 1st P.T. lasted 4m 20s. The principal average period was 7,4s, 
and the max. 2a was 0,03 mm. 

The P.P. lasted about 22m, (Here the 2nd P.T. was not well 
defined, i The average period was 9, os and the max. 2a 0,1 ram. 

Tlie E.l*. The average -period, measured Ih after the beginning of 
the earthquake, was 9,28. 


Eqh' X». 2Js. October 14th 1899; 2h 55m 24a a,m. 

Total duration = 2h lom. 

(NS component i. 

The 1st P.T. lasteil 4m 37s. The max. 2a vas 0,12 mm and the 
avei'age ])eriod 7,2s. 

Tlie 2nd P.T. lasted 4m 20s. Tlie max. 2a was 0,16 mm and the 
average ^leriod 9,6s. Towards the end there were traces of slow undula- 
tions. 

The P.P. lasted about 7m 40s. During the first 3m 13s, the average 
period was about 18s (?), the max. 2a being 0,2 mm. The subsequent 
jKirtion had an average period of 11,88. 

The E.P. The average period, deduced fi*om seven successive groups 
of 50 vibrations, was as follows : — 


9,58 

10.4 


(at 


the commencement) 




9,9 

10,1 

10,1 

10,3 

10,5 


(General mean) 
lO.ls. 




(towards the end ) 



m 
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<BVr co op on ert ). 

Tlw l«fc P.T. lasted 4m 35 h. The max. 2a was 0,1 mm and the 
pciaeipal avenge period 6,6 b. Towards tlie end there were tmoes of 
vihinliooB with an average period of 11,0s. 

The 2nd P.T. lasted 4m 40 b. Tiie max. 2a was 0,15 mm and the 
average period 8,6 b. 

The P.P. The motion was nxjst active daring the first 4m 20s, the 
max. 2a being 0^1 mm and the average |)eriod 13,0s. Thereafter the 
moveraents became regular. 

The “R P The average period, deihicetl from seven successive gnmps 
of SO vifaratione, was as follows 


10,2s 

10,0 

10,3 

10,5 

10,7 

9,0 

10,0 


lat tlie conmieiic«‘n»eut I 




(^(ieueral mean t 
10,l8. 


(tos'ards the end) ^ 


Eqlx No. 219. October 17th 1899 ; 5h 32m 56s p.m. 

The diagram showed only traces of vety small movements. The 
following observations at the Meteorological Obser\’atories of Matsuyama 
and Faknahima probably refer to the same earthquake. 

Matsuyama 5h Sim 26s p.m Slight. 

Faknahima . . 5, 32, 12. „ 


Nqhe No. 220. October 19th 1899 ; 6h 28m 69 b p.m. 

Total duration =2h. 

This was a large earthquake at a great distance, 
component). 

The 1st P.T. whose duration was 6m 16s consisted of vibrations of 
an average period of 9,48, superposed with smaller ones of an average 
piunod of 5,2 b. The max. 2a dL 0,2 mm occurred at Im 3s from the com- 
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mencement ; this, however, not being a prominent one. ^Rie aa^pjiitiiide 
remained on the whole nearly constant. 

The 2nd F.T., whose duration was 4m 15s, eonsisted of well de&ied 
vibrations with an average period of 9,5s, superposed with smaller ones of 
an average period of 6,4s. The max. 2a m’hs 0,38 mm. There were Idso 
some irregular traces of slow undulations. 

The P.P. lasted for 15m 50s and began with a slow undulation W'bose 
2a was 0,93 mm and whose period was 38,5s. This was followed by two 
laige vibrations of an average period of 26,3s, whose 2a was 1,75 mm, 
these two waves forming the most active part of the motion. For the’ 
next 14m 2()s, tlie motion was much smaller and had an averagje period of 
16,5s, there being also here and there traces of smaller vibrations. The 
2nd max. 2a of 0,9 mm occurred at 4m 47s from the commencement. 

The E.P. The avenige period, deduced from six successive groups 
of .50 vibrations, was as follows ; — 


10,4s 

10,2 

9,4 

9,9 

10,5 

10,3 


(at the commencement') \ 


( General mean) 
10,1s. 


(near the end) J 


(NS component). 

The 1st P.T. lasted for 6m 24s. The very first displacement was 0,1 
mm towards S, the counter displacement being 0,2 mm towards N. 
The 3rd vibration had the max. (abs.) 2a of 0,25 mm, the motion thenw 
decreasing. — For the first Im 28s, the average period was 8,8s. The$ 
the motion quickened, the average period being 5,0s. From about the 
middle of this epoch, the average period became again slower and equal 
to 8,2b. 

The 2nd P.T., whose duration was 4m 31s, began with the m4xinum 
2a of 0,65 mm, thence gradually diminishing. The average period of the 
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fNiindlpol TibrnitioDti whm 8,7s, there being also traces of slower as well as 
^idber wares. 

The PJP. began with slow uiidalations of an average period of 10,0s, 
the iaitial displacement being 0,5 mm. From 5ra Os after the commenoe- 
meni ai this epoch, there appeared the pro|ier oscillations of the pen- 
dnlnm, gradually swelling up to a maximum motion of 5,5 mm and then 
again gradnally settling down. Tliese together oocnpietl 2ni 50s, com- 
prising 10 vibrations. For the next 15m 458 the motion coiiKisted of well 
defined vibrations of an average period of 14,2.s. 

Eqhe No. 222. October 24tli 1899 ; Ih 3m 29s p.m. 

Total duration =2h 36m. 

This was a huge e.arth(|unke at a great distance. 

(NS oompcment). 

The Ist P.T. whtwe duration wa« 2ni 'Uts I'onsisted of slow undula- 
tions of an average (leriod of 11,5 k, KU]HU'}x>sed w’itli small vibrations of 
an average jieriod of 3s. The max. 2a was 0,07 mm. 

The 2nd P.T. whose duration was 3m 25s consisted of well defined 
vibrations of an average period of 8,5 r ; the max. 2a of 0,22 mm ocx'nrring 
at the commeuceineut. 

The P.P. lasted for about 8in 22h. For the tirat *2iu 4()s the motion 
had nearly the same period as in the 2nd P.T., but the amplitude was 
increased, the max. 2a l)eiug 0,36 mm. Thera wera also some doubtful 
traces of slow undulations of an aveiuge })eriod of about 29s. Theu 
appeared a displacement of 0,6 mm, and the motion during the next 3m 
218 remained nearly* cousbuit in amplitude, ('onsistiug of waves of an 
average period of 7,4s sui)erix)sed on slow undulations of an average 
pnriod of 16,88. Theu, for the next 6m Os, the amplitade was laige, the 
average period being 17,5s. For the next 2ra 21s the average period was 
17j6s. The motion was probably a result of the composition of the motion 
of the ground vrith the proper oscillations of the pendulum, the amplitude 
madfiug greasily the max. 2a 2,25 mm and then again gradnally 
sobuding. 
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The E.P. Tlie average period deduced from two siuNieasiTetgiOiiifM 
of 50 vibrations, taken near the end, was as follows 

10,2s (General meaU') 

10,2 ; 10,2s. 

(EW component). 

The 1st P.T.. whose duration w'as 3in 50s, consisted of undulations of 
an average period of 12,1s. These were superposed W'ith smaller vibra- 
tions whose average ]^)eriod was, during the first 2m 3s, 3,1s and, during 
the lemainiug time inteiwal, 6,9s. The max. 2a was 0,08 mm. 

The 2ud P.T., %vhose duration was 3m 208, consisted of neariy equal 
vibrations with an avei^ig<» |ieriod of 7,0s ; the max. 2a of 0,16 mm 
oecniTing at tlie c'Oimnenoeinent. 

The P.P. began with a well defined disjdacement of 0,36 mm. For 
the first 2m 14s the motion consisted of small vibrations of an average 
})eriod t)f 6,7s, supei’jiosod moi*e or less distinctly on slow undulations of 
an average periful of 22s. Then followed the mos7 active motion, which 
began with a 2a of 0,42 mm and had, during the first 3m 2s, an average 
pericnl of 30s, the maximum 2a being 0,75 mm. There were also well 
defined small movements of an average perkjd of 7,78. For the next 2m, 
there were five undulations of an average jjeriod of 24s, of which the 
last but one had the max. (abs.) 2a of 1,7 mm. After these the motion 
became much smaller. 

The E.P. The average period, measured towards the end, was 9,3s. 

This earthquake was observed with Gray-Milne seismographs at the 
Meteorological Observatories of Fukushinra and Mito, as follows; — 


Fukushiirra Ih 3m 20s p.m Slight. 

Mito 1. 3. 20 „ 


Eqke No. 23 J. November 12th 1899; 7h 27m 133 a.m. 

Total duratiorr=lh 10m. 

Tlris was a small earthquake at some distance. The commeimament 
was somewhat obscure owing to the presence of very small and quick PtO, 
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The P.T. lasted for itboat 3ui 468. 

The P.P. lasted for aboat lOm. For the first 3m 65 h tlie motion 
musisted ol slow ondnlaiicHis of an average period of ISs, whose (abs. ) 
max. 2a was 0,04 ram. For the next 6m 15 r tlie vibrations became 
quicker, the average period being 9,4 k. 

The EJ*. The average |)eriod, measured near tlie end, was 10,6 r. 
(KS oomponeuti. 

The max. 2a was 0,04 mm. 


Eqhe No, 234. November 23rd 1899 ; 6h 52m 39s p.in. 

Totid duration =4h. 

The was an extremely great earthquake at a i-omiiamtively near 
distance, and has been recorded by the (£VV oom))unent ) and B 
oompoumt) instruments as Avell as by the newly erected large standard 
horiaontal pendulum apparatus C (£W component). Tlie duration of the 
P.T.^ measured from the diagrams of these tlirec^ apparatus was as 
follows: — 


(A; (EW; 

(B) (NS) 

(C) (EW) 


3m 13s j 
A Q L (meant 

■ , ( 3m 32s. 

3. 15 ) 


In consequence of the great activity of motion, the pendulums of the 
usual two apparatus (A) and (B) were, soon after the commencement, 
thrown into strong proper oscillations. The apparatus C, liowever, has 
recorded the motion satisfactorily, as its period was much longer than 
the undulation period of the ground. I shall give therefore only the 
detailed description of the diagram obtained from the apparatus C. 

G (EW component i. 

The P.T. consisted of vibrations of an average period of 7,68, super- 
posed in the earlier portion with smaller ones of an average period of 
2.1s. 
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The P.P. leetod for about Ih and began with n iirriTI fliiihiiil |>wiiifiiMint 
Blow undulation, whose period was 31s and whose ^isplaeuanuto mmium 
follows : — 

(first motion) 2,7 ram towards W, 

(counter „ ) 2,6 „ „ E. 

This introductory motion was followed five quicker wwvee df aa 
average period of 16s, wliich together occupied Im 208. The 3rd vilna- 
tion of the series, or the 4th counted from the commencement was 'file 
conspicuous (abs.) maximum, its 2a being 6,3 mm and period Ids. 
This gix>up of the most active movements was followed by five 'vibratiaas 
of an aveinge period of 11,2s, wliich together occupied 66s. — There Iran 
probably a succession of shocks at the earthquake origin, the iRplaaii 
consisting of a great number of alternations of large and small, as as 
of slow and quick movements. 

The uvi'i'age period. During the fiist 29m of the P.P. the pre- 
dominating waves had an average jieriod of 16,2s, superposed here and 
there with quick small vibrations of an average period of '8,2 b. T%ea 
waves with shorter period predominated ; slow undulations of period from 
21s to 28s occurring, however, at intervals. The average period deduc e d 
from thirteen series of the successive groups of 60 vibrations, coimnencing 
at about 30m after the beginning of the P.P., was as follows : — 

9,38 \ 

9.1 

9,4 

9.6 

8.7 

9.3 

9.4 > 

9,3 

9.0 

9.7 

9.8 

9.1 

9.6 y 


(General mean) 
9,3s. 
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, ' ' w atii q n a lw ’was also o b ae rw d with ordinaiTr aeittmographa of ilie 

ChrKjr-lIilnp type at the following fomr Heteorologioal Olwervatorin» : — 

Nemnro 6h Sim 30n p.ni Slight. 

. FnkvahiiDa .... 0. 54. 3 

Mito 6. 55. 30 

Tol^ 6. 19 

Companng the times of ooctmenoe at tliese four olwerratories with tliat 
obtained from the horiscmtal pendulum diagram at the Seismological 
jEnslitate, namely 6h 52m 398, it will be seen that the ordinaiy seismo- 
graphs hare recorded the quick-period part at the commenoement of the 
earthquake. It is to be noted tliat the four places of nbeerration are all 
sitiiaied along or near the Pacific coast of Japan. 


Eqht No. 236. Kovember 24th 1899 ; 7h 2m Is p.m. 

Total duration =2h. 

(EW component). 

The P.T. lasted 4m 25s. The max. 2a was 0,05 mm and the average 
period 7,2s. 

The P.P. lasted about 28m. During the first 19m the motion 
remained nearly constant in amplitude (max. 2a =0,65 mni), the principal 
average period being 14,8s. There were also vibrations of an average 
period of 9,3s. 

The EJP. The motion consisted of r^ular vibrations, whose average 
period deduced from five successive groups of 50 vibrations was as 
follows: — 


8,98 \ 

8.5 

8.6 \ 

9,6 

9,2 / 


(Gbneral mean) 
9,08. 


(IIB component). 
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The 1st P.T. lasted 6m 16s. The mas. 2a was 0,96 mok ^i/^d tlg| 
average period 8,1s. 

The 2iid P.T. lasted 4m 21s. The mas. 2a was 0,2 
average period 16,3s. 

The P.P. lasted 19m. The motion was espeoiallj lazgH 
first 8m 15s, which comprised two separate groups of wav^^^lf an 
average period of 16,58 their max. 2a being respeotiveljr 3,9 mid aM-S,0 
mm. In each of tiiese groups the motion gradually swelled up to a 
maximum and thence again gradually decreased, owing probid>ly to tile 
synchronism of the pendulum oscillations with the shaking of the ground. 

The E.P. The average period deduced from three successive groups 
of 50 vibrations, taken at lli after the commencement of the earthquake, 
was as follows : — 


(Genend mean; 
9,48. 


£qkc No. 28if. December 4th 1899 ; 9h 32m Is a.m. 

Total duration = about 40m. 

Tins was a small earthquake at some distance. 

(NS component). 

The P.T. lasted for about 8^m. But the commencemeui was doubt- 
ful. The motion seemed to consist of slow undulations. 

The P.P. For the first 4m, the motion was active and consisted of 
vibrations of an average period of 8,5s, whose max. 2a of 0,05 mm oocmrred 
at about 2m from the commencement. 

(EW component). 

The P.T. lasted for 5m 40s, the motion beginning with small quick 
vibrations. (In this component the commencement was definite.) 

The P.P. had an average period of 8,1s, the max. 2a of 0,05 
occurring at Ipn from the commencement. 

The follbwiug observation at the Oshima Meteorological (^baexvutory 
probably refers to the same earthquake : — 
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'IWttM (Lin Kiv) 91i SSm 86« 814^ 

943. Deoember 24th 1899 ; 8h fi2ui 36 h p.iu. 

IVital daimtiou vm greater than lOni. 
eompotiani). 

The commenoement 'waa unoertaiu uu nuvuuut of atreug P.O. Tlie 
fH^ur morenimite laated fur Sm, _ the average period being 15, 8 h. The 
max. 2a laaa 0,15 mm. 

(BW compnaent). 

Tim diagi'am waa obacured bj tlie au^ieiiKiaitiou of liuea. 

No. 944. Deoember 25th 1899 ; 6b Sm 458 a.ii). 

' There were certain donbtful traces of araall slow uudnlatiuus. The 

I, 

JiajgtMii waa, however, oonfosed by strong P.O. 

Eqhe No. 945. Deoember 28tb 1899 ; 3b 34m 348 a.m. 

Total durations 25m. 

This waa a small earthquake at some distance. 

The P.T. whose duration was lin 7 m consisted of very siuull and quick 
vibratiims. 

The P.P. laated for about 6^m. For the first lin 31s the motion was 
oompluEatively small, the average period being 3,3s and the max. 2a 0,14 
mm in each component. Then appeared slower and w'ell defined waves 
of an average period of 5,9 b, whose amplitude did not much vary during 
4tai 40 b. The max. (abs.) 2a was 0,26 mm in each component and occurred 
at the middle of this epoch. 

The Ei.P. The average period was 6,6s. 

P.O. There were very slight traces of P.O., whose average period 
-was 4,8s. 
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(tKOUP II. — KniiJuj>uih:« which oriyiiutied off the eastern coast 
of Hokkaido ( Yem Jdand). 

Eqkc No. 34. Ke]>teiiil)er 24th 1898 ; 9h 14m 569 a,m. 

ObBervatious at Mcteoix)logical Obwin'iitories : — 

Aomori yh 14m 10s a.m. Hlight. 

Nemuix) . . 0. 1(K 35 „ Motion gentle. 

Kushiro 9. 10. 57 

Tokyo , y. 16. 41 

Kumagae 9. 24. io „ 

The motion consisted of small quick vibrations. 

The P.T. lasted for about Im 12s. 


Hjke No. 42. October 7th 1898 ; llh Im 36s a.m. 
Total dui’ation=:37in. 

Obsen ations at Meteoixdogical Obs^iTatories : — 


Aomori . . 

llh Oin Os a.ra. 

Weak. 

1 Accompanied by vertical 
motion. 

Sapporo 

, . 11. 

0. 

16 

Slight. 

Motion geiitlo. 

Fukushima . . 

. . 11. 

0. 

35 



Tokyo .. .. 

.. 11. 

0. 

46 



Yokohama . . 

.. 11. 

2. 

20 



Kofu . . . . 

.. 11. 

2. 

30 



Hakodate 

. . 10. 

59. 

51 

Weak. 

Peudulumu clocks stopped. 

Mh'ako 

.. 11. 

0. 

3 


^Accompanied by vertical 
(motion. 

Kusliiro 

.. 11. 

0. 

38 

11 

Accompanied by sou^tl. 

Tokachi . : 

. . 11. 

10. 

42 

11 

Motion gentle. '* 

Mito 

.. 11. 

1. 

27 

Slight. 

11 » 



r. aiUMtt. 


J9 


(BIf dM^pfMMNlI). 

P.T., irlioiie duxatioii 'waa Im 32 b, cuusiated uf hoihII quick vibxa- 
tfaMB ei an aTOiage period (rf 1,4 b, Buperpoeed ou slight traoee of slower 
waves ol an avenge period of 9,1a Towards the eud of this epoch there 
appeared well defined vibrations ol an average period of 4,0s. 

Hie P J*., whose duiatiou was 3iu 30s, began with ten well define^, 
waves of an average period of 6,4s. These were foUowetl bv' larger ribra- 
iions of an average period of 6,8b ; tlie uiaxiuiuiu inotiou, wlilcli oocurred 
at llh 4in Os, being 0,3 mm in thti £W and 0,4 iiiiii in the NS component. 
(NS oomponent). 

Hie P.T., whose duration was liu 17 h, coimisted uf small vibrations 
of an average period of 1,1s, saperjiused ou slower ones uf an average 

period of 8s. 

The PJ?. During the first 46s the inotiou consisted of vibiatious of 
an average period of 4,5s (?>. In ilie following jiortion, the period could 
not be distinctly measured. From about 3lin after the commenoeiueut of 
the earthquake slower waves of an average period of 9,0s Ijecame pro- 

The F-P, The avenge period was at first 4,3s and near the end 

6,4s. 


1B6. May 8th 1899 ; Oh 28m 54s p.m. 
Total duration=lh 20m. 

Observations at Meteorological Observ'aturies : — 


Tokachi 

Oh 27m 55s p.m. 

Weak. 

Hakodate .. 

.. 0. 

28. 

34 

>> 

Tahiwnwrialci 

.. 0. 

28. 

48 

9) 

Aomcsi 

.. 0. 

29. 

0 


Yokdhaiua 

.. 0. 

30. 

21 


Miyako 

.. 0. 

30. 

69 

»» 

Abandiiri .. 

.. 0. 

31. 

2 

99 

Nsnuno . . 

.. 0. 

26. 

69 

Sti-oug. 


Duntiou long. 

I Accompanied by sound ; 
(houses shaken. 

Houses shaken. 

Motion gentle. 

Duration long. 

i Motion quick ; pendulum 
(clocks stopped. . . 
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Sapporo . . 

.. 0. 

27. 

58 

Slight. 

Motkm gentle. 

Eitmagae . . 

.. 0. 

28. 

10 

9f 


Tokyo 

.. 0. 

28. 

32 

»9 

Motion slow. 

Fnknshima 

. . 0. 

28. 

45 


Duration long. 

Mito . . 

.. 0. 

29. 

11 

11 

Motion quick. 

Kushiro . . 

. . 0 . 

29. 

39 

Strong. 

1 Motion quick ; followed 
(by minor shocks. 

Yamagata 

.. 0. 

29. 

40 

Slight. 


Eofu. . 

. . 0. 

29. 

47 

11 


TT^unomiya 

0 . 

30. 

20 

1 * 

^lotion quick. 

Maebashi . . 

0 . 

31. 

31 



( ^loslii 

(». 

31. 

47 




The P.T., wliose duration was Im ^5s iu the EW and Im 41s in the 
NS component, consisted of well defined slow vibrations of the following 
average period ; — 

10, Is (EW component), 

11,5 (NS component). 

Tliese vibrations wore superposed w'ith smaller ones of an avera^ 
period of 1,2s. Tlie max. 2n was 0,14 mm in the EW and 0,23 mm in the 
NS component. 

Tlie very first motion of the eartliquake was 0,1 mm towards E and 
also 0,1 mm towards N. 

The P.P. lasted 8^m and consisted at first of quick vibrations, which 
here suddenly made their appearance and w'hose average period was 
0,58s ; the max. 2a being 0,25 mm iu each component. These were super- 
posed on slower waves of an average period of 8,2s, whose max. 2a of 
1,3 mm in the EW and 1,1 mm in the NS component occurred at Sin 47s 
from the beginning of the earthquake. From about Oh 32m the potion 
became regular, the average period being 6,9s. 

The E.P. The average period measured, in the EW componeBt, froan 



wneemivB grnvpH rt rilimlioim, cranmAncing »t Oh 39in ISn* 'wm 


8 >>, 
8.8 
9,0 

8.7 
9,6 

9.3 

9.8 

9.4 ^ 


^Geneial.mAaD I 
9 . 18 . 


Eqho Ko, 142. June otii 1899 ; Bit 46in 32 h A.in. 
Totftl duration = 25ni . 

ObnervationB at Meteorological Observatories 


Kuahiro 

3h 44m 30a a.m. 

Weak. 

Accompanied by sound. 

Mi^mko 

.. 3. 38. 44 

Slight. 


Nemuxo 

.. 3. 41. 4 


Motion gentle. 

Tokachi 

.. 3. 41. 10 


Duration short. 

Mito . . . . 

.. 3. 46. 5 



Tokyo 

.. 3. 46. 24 

99 



^8 oomponent). 

X The P.T. was not sharply defined, the motion commencing very 
gradually. Its-doiaiion was about 2m 20s and the motion consisted of 
small Tibrati<m8 superposed on slower ones of an average period of 9,3s. 

The PJ?. consisted of well defined waves of an average period of fis, 
the D^. 2a being 0,1 mm. At first there were also traces of small vibra- 
tipps of an average period of 3,38. 

(flW oomponent). 

JOie max. 2a was 0,1 mm and the average period dL the vsell defined 
vHmatuna 6,98. 
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Eqht No. 160. July 11th 1899 ; 7h 15m 44s &.m. 

aj 

Total (lutatioa=25m. 

Obsen’ations at Meteorological Olwen-atories ; — 


Mito 

7h 16m 32a a.m. 

Slight. 


Ishinomaki 

7. 

22. 

3 


Duraticm long. 

Kushiro 

7. 

11. 

45 

Weak. 

Houses shakft 

Tokachi 

7. 

12. 

15 


Motion quick. 

Tokyo 

7. 

13. 

9 

Slightl 


Nemuro 

7. 

13. 

49 


Motion gentle. 

K\plagae 
iXS component). 

7. 

18. 

39 




The 1st P.T. lasted 54 h. The motion was veij' small. 

The 2n(l P.T. lasted for Im 5s and consisted of quick vibratiooB of 
an average ix^riod of 2,08. The max. 2a =0,05 mm. 

The P.l’., whose duration was 4m 30s, began with a well defiaed 
vibmtion of 0,13 mm. The max. 2a of 0,22 mm oco^'rred Im 21s later on. 
— The motion consisted of vibrations of an average period of 7,4s, super- 
jx)8ed with quicker ones of an average period of 2,98. 

The E.P. The average period was 8,48. 

(EW component). 

The 1st P.T. lasted for Im 13s. 

The 2nd P.T., whose duration was Im 2s, consisted of quick vibra- 
tions of an average period of 5,68. The max. 2a was 0,07 mm. 

The P.P. began with three slow undulations, whose max. 2 b wbb Off', 
mm and whose average period was 22s, superposed with smaller vibra.- 
tions of an average period of 4,6s. Then there followed the most active 
part of motion which had an average period of 6,3s ; the max. 2a of 0,25 
mm occurring at 2m 58s from the commencement. 

P.O. The max. 2a was 0,05 mm in each component and the average 
period was 5,1s. 

Eghe No. 161. July itfch 1899 ; 4h 40m 7 b p.m. 

Total duration =lh 20m. 
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Obaen^ioiiB at Metoorological ObtierratorieK : — 


Hakodate 

4h S8m 47s p.m. 

Weak. 

Motion gentle. 

l-tsunomira 

4. 23. 

0(?) 



Nemnro 

4. 39. 

34 

»« 

Duration long. 

Yagi 

4. 39. 

10 

« 


Hivako 

4. 39, 

27 

** 

Motittn goiitlo. 

Kuahifo 

4. 39. 

32 

«« 


Ahita 

4. 39. 

40 



Kofn 

4. 40. 

3 

Slight. 


^tatsnmoto 

4. 40. 

25 



Tokyo 

4. 40. 

33 

« « 


Fokui 

4. 40. 

3.5 

• • 

Dnmtioii long. 

Gifu 

4. 40. 

48 



Mashawhi 

4. 4iK 

57 



Ishinomaki 

4. 41. 

(K) 



Nagoya 

4. 41. 

1 


Motion gentle. 


4. 42. 

36 



Mito 

4. 49. 

45 


Duration short 


The F.T. busted for 2m 23k in the £W and also 2in 23 k in tlie ]!?K 
component, the rei^' first displacement being 0,1 mm to^’ards E and 0,15 
^tn towards The motion consisted of very small vibrations of an 


t rage period of about 2,4s, superpoRed on sloM'er ones whose average 
iodvrais: — 


4,4s in the £W component, 
.4,2 NS 


These were also still slower waves, whose average iieriod was 10,7s, and 
whose max. 2a was 0,2 mm in the EW and 0,3 mm in the NS component. 

The PJP. lasted for 5m 40s and consisted of well defined vibrations of 

# 

it 

(Ml aterage period of 9,5s, divided into max. and' inin. groups ; tlie max. 
inovements occurring as follows : — 
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m 

NS component : — 

2h=: 2,5 mill, oci-iintMl at 41i 42iii 

3,;i „ 4. 43. y 

3,1 „ 4. 43. r>l 

EW component : — 

2a -2,7 mm, occurred at 41i 42m 21s 

2,9 „ 4. 43. 21 

2,7 „ 4. 44. 9 

111 the EW component these gi-oups of waves were succeeded by 
new series of comimratively regular vibrations of an average period of 
G,Os, the max. ( ubs. ) 2a of 3,3 mm iHieuiTiug at its beginning. In the NS 
component tlie motion in this of the earthquake was disturbed 

somewliat bv the proper oscillations of the pendulum. 

The E.1’. The average iieritxl was at tirstr,8,0s and towards the end 

y,6s. 

JiJqkc I^\>. 104. July 17th 1890 ; llh 21m O.s a.m. 

Total duration = 111 37iii. 

Obseiwations at Meteoixilogical Obseiwatories ; — 

Neiuuro llh 18m 12s a.m. Slight. 

(^EW component). 

The P.T., whose duration was 2m 10s, consisted of small vibratiol^* 
of an aA'erage period of 5,0s. 

The P.P. commenced with well defined waves of an average period 
of 13s, whose max. 2a of 0,2 mm occurred at the beginning. 

The E.P. The average period deduced from two groups of 60 vibra- 
tions was as follow's ; — 


10,9s (at the commencement) J (deneral mean) 
10,1 (_tow'aids the end) ( 10,5s. 



r. oMoia. 



0Rl«n^pQnMBt). 

P.T. laBted for 2ui 49 h. 

Tlie F J*. For the finit 2in 48ti, thtt motion tx>uHU(ie(l of slow nudiilii- 
lioiiB (max. 2s =0,04 mml of so Hx-emge {leriocl of Tlie motion 

then beciune quicker, tlie aversf^ {leriotl being 0 ,oh. Tlic mux. (abs. ) 2ii 
of 0,06 mm oocuired at 6m 30 b from the wmimeucemeut of the eartli- 
'^nake. 

No. 181. August 10th 1699 ; 4h 59m 51s a.m. 

Total duration = 13m. 

Ob a eirat iona at Meteorological ( Ibsen-atories ; — 

Tokaohi 5h 2m 408 a.iu. llather weak. Motion i{iui-k. 

MaBBUXD 5. 0. 31 Slight. Motion gentle. 

(NBl oompmieut). 

The oommenoemeut was not wcU ileliued, but the P.T. busted foi- 

almit Im 388 (?). 

The PJP. lasted for 3m 358. During the first 30s the motion eon- 
ninted of samll quick vibrations <max. 2a =0,05 miu) of an averagt) })eriod 
of %7m, During the next 3m 5s the motion was larger and lunl an average 
yaffod of 6,28, the amplitude remaining nearly constant. Max. 2ii was 

0,1 mm. 

The E.P. The average period was 4,1s. 

The EW component diagram was not satisfactorily taken, owing to 
jOBitam unknown causes. 


Eql» No. 228. liovember 10th 1899 ; 8h 58m 25s p.m. 
Total duration = 111. 

Observations at Meteorological Observatories : — 


Kemuro 

^okiibhi 

^ICmdiiro 


,,, , 1 Accompamed by sound ; 

8h 56m 10s p.m. Weak. | 

(houses shaken. 

8. 56. 58 „ Duration short. 

8. 57. 18 „ Houses shaken. 



HORIZONTAL THKOULITM OBtJEKVATIONS OF BABTHQUAKHS. 


TT 


Ishiuomaki 

. 8. 

58. 

59 p.m. 

Weak. 


Miyako 

. 9. 

1. 

29 


jAecompaiiied by veitieal 





t motion. 

Haktxlule 

. 8. 

57. 

55 

Siiglit. 

Slight. 

Mito 

8. 

59. 

0 



Tokyo . . 

8. 

59. 

•1 



Fukusliima 

H. 

59. 

22 



(.'lioslii 

8. 

59. 

58 



Akita 

. 9. 

0. 

1 



Kumagae 

. 9. 

0. 

(i 



Yokolmma 

. 9. 

0. 

40 



Abashiri 

9. 

1. 

20 


Motion goutlc'. 

Kochi ... 

9. 

4. 

1 



Aomori 

. 9. 

8. 

0 



Maehashi 

9. 

20. 

1 (?) 


' 


( EW (•.om])oiieiit I. 

The P.T., whose duratioji was Im 22s, eoiisisted of very small vibrn- 
tioiis of an avenige period of 8,9s. 

The I’.P. lasted for Cm 15s. For the til's! 2m 10s the motiuu con- 
sisted o.s.sentially of waves t max. 2 h=: 0,12 iinu) of an average ^leriod of 
U,5s, sujiei’posed with very cjuick small vihi'ations M'hich made their 
appearance til’s! at the <'.ommencement of this epoch. The suuueediug 
wa^■es were well defined and most active for 3m 30s, their average peiio^ 
being 5,7s. The max. 2a was 0,25 mm. 

The E.P. The average period, deduced Ironi two successive groups 
of 60 vibrations, taken at 30m after the commeiicemeiit of the earthquake, 
ivas as follows : — 

' (^Oeneral mean) 

8,7 .. 8,7 s. 

(NS component). 

The P.T., whose duration was Im 34s, consisted of small vibr^c^ 
of an average period of 3,9s, 



r. uMuki. 


The P.P. bogiui with ■mil quick vibrnticniK, whose max. ia was 0,06 
■UB iu each oompoueat and whose traces awre continued for about Im 66s. 
These were superposed on slower wa\-es, whose max. 3a was 0.12 mm and 
whose aremge period was 8,38. Hm sncoeeding vibrations were quicker 
and better pronounced, their average period lieing 6,3 b and the max. 2a 
0,3 mm. 

Hie EJ*. The average period, measured at about 30ui after tlie 
commencement at the earthquake, was 9, Is. 

Eqbt Ko. 232. xiovember 18th 1899 ; 41i 23in 8b p.iu. 

Total duration = 33m. 

Observations at Meteorological OlwenatoricK ; — 


Hakodate . . 

4h 21m 47s p.iu. 

Weak. 


Nemuro 

.. 4. 

1. 

24* 

Klight. 

Motion gentle. 

Knshiro 

. . 4. 

3. 

23* 

»» 

1 Accompanied by vertical 
(motion. 

Fuknshima 

. 4. 

3, 

59* 

It 


Ishinomaki 

. 4. 

21. 

4 



Fukushima 

. . 4. 

21. 

45 

I* 


Hijako 

. . 4. 

22. 

5 

II 


Tokyo. . 

. . 4. 

23. 

14 

II 


Akita . . 

. 4. 

24. 

30 

II 


i^to . . 

. . 4. 

25. 

58 




(EW ootupoueut). 

The P.T. lasted lor 2iu Os. TowuixIh the end, the average period was 

9,6s. 

The P.P. During the first Im 21s the motion consisted of small 
quick vibrations (max. 2a =0,05 mm) of an average period of 2,7s, super- 
posed on traces of slow undulations of an average period of 16,2s. Then 
there appeared well defined vibrations of an average period of 5.2s. The 
max. 2a was 0,13 mm. 


* THmm obMraUioiifl may refer to another earthquake. 



HOBlZOKTAIi PENDVLVX QBaSBVATIONB OF BARXnQUASSB 


The EJP. The average period, meaaiired towards the end, was 6,9s. 
NS oomponent). 

The P.T. lasted for 2m Os. 

The P.P. During the first Im 3s tlie motion was small (max. Sa^ 
),05 inm), and consisted of quick vibrations of an average period of 
mperposed on traces of slower undulations of an average period of Slsi., 
So far may pwbably l)e taken as the 2nd P.T.), Tlien appeared we^ 
lefined vibrations of an average period of 5,0s, superposed on traces M 
dower ones of an average Ijeriod of 9,68. The max. 2a was 0,14 mm. 



m 


P. OWOBI. 


OROl’P III. — Koiih/HalrM tchich oriififHfteil thr mfrth^Mern 
itxn^ Ifomhiu \}faiu Ifiamh. 


Ko. 4. .TuIt 2(>tL 1898 ; 6U 4Ctn 14 k ]>.iik 
^ Totnl dumti<>u = nlNmt 14in. 

OlmervaiitHtH ftt MotfMmilcipicAl ()!>«• r\»t<>ri* •. 


Lshinomaki 

. r.h 

38(11 

33s p.in. 

Weak. 

Houses sliaken 

Fnkmdiima . 


37. 

32 

Slight. 

^lotion quick. 

Akita 

. 0. 

39. 

55 



Mijako 

. . «. 

41. 

<: 



Tamagata . . 

6. 

41. 

10 

<< 


Tokyo 

. n. 

41. 

54 



Kofn 

. 0. 

42. 

o 

• « 

Duration long. 

Mito 

(EW component). 

. c. 

42. 

53 




The P.T., whose dnmtion was 31b, conRiated of vei-y small vibrations. 
(IJS component). 

The PP. l»egjin with small vibrations of an average i)eiii-,l of 3,2a, 
nrhose mas. 2a was b,()9 mm in the EW sind 0,0/) mm in the NS com- 
ponent ; with a series of still quicker and smallei- waves superposed. At 
abont Im 50s from the comn.encement of the earthquake, there appeared 
sk)weT vibrations, whose average i>eriod w'as 7,7 h and whose max. 2a was 
0,1 witn in eacb component. On these were 8upeiq)ORed smaller waves of 
an average period of 2,5s. 

The EP. The motion consisted of vibrations with an average period 
of 3,2 b, superposed on othera with an average period of 5,4s. 

No. 16. Angnst 2lBt 1898 ; Oh 8m 228 a.m. 

Total duration = about 45m. 



HOIOZONTAL PEMDULUK OBSKCVATIONS OF SAKTHQUAXBB. 




% 

Observations at Meteorological Observatories ; — 


Ishinomaki 

Oh 6m Os a.m. Slight. 

rOnly recorded by ixudara- 
! ment. 

Miyako 

. 0. 

7. 

35 ■ 

Motion quick; follcnped 
by after shocks. 

Aomori . . 

0. 

8. 

15 ] 

1 Only recorded by instx^r 

1 ment. 

Nemuro 

. 0. 

9. 

36 

Motion gentle. 

Tokvo 

. 0. 

9. 

39 


(NS components 




The Ist P.T., whose duration was 56s, consisted of very small vibra- 
tions of an average jieriod of 1,1s, superposed on traces of slower waves of 
an average period of 8,0s. The beginning was well defined. 

The 2nd P.T., whose duration was Im 248, consisted of well defined 
undulations of an average period of 10,5s, the mar. 2a being 0,14 mm in 
the NS and 0,16 min in the EW component. The superposed smi^ 
vibrations were also lai^r tlian in the Ist P.T. 

The P.P. commenced with slow undulations of an average period of 
15,08, M'ho.se max. 2a was 0,4 mm in the NS and 0,2 mm in the EW oom- 
lK>nent ; (juicker waves with an average period of 7,7s being superposed. 
At about 4m 48s from the commencement of the earthquake the waves 
liecame simpler and regular, the average period being 7,6s. 

The E.P. The average period deduced from two successive groups 
of 50 vibrations w'as as follows : — 

^jSs (General mean) 

7,9 J 7,98. 

Eqke No. 17. August 2l8t 1898 ; Ih 28m 44s a.m. 

Total duration = 16m. 

Observations at Meteorological Observatories ; — 



r. OMCKU. 


AoMori 

lB6kjo 


111 29fn lOn ii.m. Hlight. 

1. 29. 29 
1. 29. 32 
1. 29. 51 


jOnly rngiMtArod hr iii- 
I ntniincnf. 


.(NS oomponant). 

Hie P.T., whose dnratioii wan 54s, consisted of ven* small vibmtionK 
of an STBragB period of 1,4s. The beginning as well as the end of this 
epoch was quite well marked. 

The P.P. began with quick vibrations (max. 2n= 0,02 mm), super- 
poeed'on slow undulations (max. 2a =0,05 mm) of an average period of 
17,2 b. During the earlier part there u'ere present quick small waves 
whidi were evidenilT of the same nature as those occurring in the 1\T. 
Frian about Ih 29m 42 b there predominated waves of an average period 
of 3^98, superposed with small vibrations of an average period of 1,1s. 
From about Ih 31m 42s, tlie average period of the predominating aaves 
was reduced to 6,98. 

The EW component diagram was olmcured by the superposition of 

several lines. 


Eqhe No. 19. Angost 23rd 1898 ; about 8h 5m 17s n.in. 

i 

Total duration = 5m. 

Observations at Meteorological ObserN'atories ; — 


lahinomalu 

Eofn 

Mi jako . . 
Mito . . . 

Kumagae 


8h 2m 30s a.m. Slight. 
8. 4. 15 

8. 4. 19 „ 

8. 4. 42 

8. 5. 9 „ 


Motirm quick. 

I Accompanied by ver- 
Itical movements. 


The P.T. lasted for about 56s and consisted of very small vibrations 
of an average period of 1,1s, superposed on others of an average period of 
8,8s. 



HOBIZONTAL PEKPT7LUM CttSEBVATIOKS OT SAKTBQIUjaiS. 


m 


The P.P. consisted of comparative!}' regular vibratiosa of aa imnigB 
period of 4.6s. The max. 2a of 0,04 mm in each oomponeut oocomd!' at 
28s from the commencement of this epoch. 

The E.P. The average period was about 4,28. 


Eqke No. 30. September 16th 1898 ; 7h 18m 378 p.m. 
Total dnration^d^m. 

Obsorvations at Meteorological Observatories ; — 

Miyako 6h 58m 5s p.m. Slight. 

Yamagata 7. 0. 

Aomori . . 7. 0. 

Hakodate 7. 0. 

Fukushinia 7. 0. 

Kumagac 7. 1. 

Mito 7. 19. 


0 

0 

0 

35 

25 

30 


The r.T. lasted for about ? s. 

The principal vibrations had au average period of 4,3s, these 
supeiposed with others still smaller. 


EqJcc No. 31. September 16th 1898 ; 4h 48m 32s a.m. 
Total duration = 17m. 

Obseivatious at Meteorological Obseiwatories : — 


Mito . . 

4h 48m 25s a.m. 

Weak. 

/Motion quick; aooom- 

Maebashi . . 

. . 4. 

48. 

29 


( pained by vertical moiicm. 
Motion gentle. 

Kumagae . . 

.. 4. 

48. 

40 


Duration long. 

Choshi 

. . 4. 

47. 

0 

Slight. 


Yamagata . . 

. . 4. 

47. 

10 



Fukushima 

. . 4. 

47. 

24 

93 

Motion gentle. 

Ishinomaki 

.. 4. 

47. 

30 

93 


Yokohama 

. . 4. 

48. 

18 

93 

Motion gentle. 

Tokyo 

.. 4. 

48. 

23 

93 




8ft 


r. OMORL 


T^lRMska . . 4ii 48iu o8h a.ni. Slight. 

Kioia 4. 60. UO (?) 

Mfctwimoto 4. 36. 00 (?) 

TJlsimoiiuva . . 4. 49. 20 

The P.T. lasted for about 27s. 

The P.P. The max. 2a was 0,4 lutii iu the CW aud 0,6 niui in tlie 
NS oranpouent. The motion consisted of quick vibrations, superposed 
UMMe or less definitely on traces of slower ones of an average period of 
5,3 b. 

The ELP. The average period deduced fix>iu three successive series 
ci 40 vifataticMis, counted from Bjm after the beginning of the earthquake, 
'was as folloars : — 

3,68 
3,9 
5,6 

Eqke No. 36. September 26th 1898 ; lOh 27m 44s a.m. 

Total duration = about 12m. 

Observations at Meteorological Observatories ; — 


Fuknshima 

lOh 26m 20s a.ui. 

Slight. Motion quick. 

Ishinomaki 

10. 25. 

30 


UtBunomiya 

10. 28. 

0 


Tokyo 

10. 28. 

43 


Kofu 

10. 30. 

20 

>> 

Komagae 

10. 37. 

22 

>> 

(EW component). 




The P.T. lasted for 32s. 




The P.P. The motion consisted at first of small vibrations of an 
avezage period of 2,6s, superposed on others of an average period of 6,9s. 
max. 2a was 0,06 mm. 

The E.P. Near the end the average period was 3,9s. 


I 

j 


(Oeneral mean) 
4,38. 



HORIZONTAL TENIXTLUJC OBiERVATlONA OF RABTHQOAHES. ' 8$ 

NS component). 

The P.T. lasted for 3‘2s. 

The PJL’. The max, 2a was about 0,0 .j mm. 


£i/ifcc No. 68. Noveml>er 8th 1898 ; 2h 66m 478 u.m. 
Total duration = 18m. 

Obsen'ations at Meteomlogical Observatories: — 


b'ukusliima . . 

21 j 57m 30.'? a.ni. 

Weak. 

Houses shaken. 

Mito 

.. 2, 

58. 

30 


1 Motion quick; houses 






1 shaken. 

Tokyo . . 

. . 2. 

69. 

5 



Z!hoshi 

. . 2. 

6C. 

36 

Slight. 


Pukui . . 

.. 2. 

68. 

47 

>> 


Maebaslii . . 

.. 2. 

68. 

58 

>> 

Motion quick. 

fCumagae . . 

.. 2. 

69, 

0 


>: 

CJtsuuomiya. 

.. 3. 

0. 

0 

Weak. 

Motion gentle. 

ITokohama . . 

. . 3. 

1. 

30 

Slight. 

yy 

Miyako 

. . 3. 

0. 

49 

JJ 



The P.T., whose duration was 19s, consisted of small vibrations of an 
average period of about 1,4s, superposed witli still quicker ones. 

The P.P., whose duration was 3m 60s, consisted of vibrations of an 
average period of 3,1s, whose max. 2a was 0,8 mm in the EW and 1,4 mm 
in NS component ; still quicker ones of an average period of about 0,8s 
being superposed. From about 2h 67m 33s waves of an average period of 
9,3s became prominent, superposed with some small vibiations. 30 b later 
on the waves became 'well defined and free from superpositions and had 
an average period of 3,8s ; their maximum of 0,7 mm in the EW and 0,46 
mm in the NS component occurring at 3h Om 17s. 

P.O. There were very small but distinct traces of P.O. ' ^Tfaeir 
average period, deduced from two successive groups of vibrations im- 
mediately after the earthquake, was as follows 



4,^ ^meMied from 70 Tibratkiiis), 

4,2 ( „ 900 „ ). 

Eqhe So. 68. Dtoember 7th, 1898 ; 9h 12m 50» a.iu. 

Total diuratiaii=10m. 

Obaervations at Meteoiolcgioal Obaervatoiiea : — 

Fnkaahima . . 9h 13m 2s itm. Slight. 

The P.T., irhoee doratioo whh about 44s, consisted of very quick 
small vibiatioDs. 

The PJ?. wusisted of vibrations of an average pericMl of 7,2s, super- 
poted 'with smaller waves. The max. 2a was 0,08 mm iu the EW and 
0,06 mm in the NS component. 

P.O. The max. 2a was 0,05 mm iu each tuinitoueut, aud the average 
period, measured 2 hours before the earthquake, 'was G,7s. 

Eqhe No. 10. December 13th 1898 ; Ih 34m 48s u.m. 

Total duration = about 19m. 

Observations at Meteorological Observatories : — 

Hakodate Ih 33m 27s a.m. Slight. Motion gentle. 

Aomori 1. 35. 0 „ Motion quick. 

Tokyo 1. 35. 38 „ 

(EW component). 

The 1st P.T., whose duration was Sis, consisted of extremely slight 
traces of waves of an a-veiage period of 6,88, superposed with very small 
vibrations. 

The 2nd P.T., whose duration was 428, had an average period of 
about 2,68 (?) ; the max. 2a being 0,08 mm. 

The P.P., whose duration was 5|m, began with well pronounced 
vibrations of an average period of 3,78, whose max. 2a was 0,26 mm. 
After 2m 16 b there appeared another group of waves, which commenced 
with a max. 2a of 0,36 mm and had an average period of 7,08. 



HORIZONTAL PENDULITIC OBtSHRYATIONS OF BASTHqHAKES. 


m 


The E.P. The average period was about 5,88. 

(NS component). 

The P.P. In the earlier portion the motion consi^teSl of vibratikms 
of an average period of 8,5s, superposed with smaller ones of an avenaiee 
period of 3,2s. The max. 2a was 0,3 mm. 

P.O. There were slight traces of P.O., whose average period was 3,98. 


EqTce Xo. 71. December 14th 1898 ; 3h 27m 15s p.m. 
Total duration =lm lOs. 

Ol)sewatious at Meteorolcgical Observatories ; - 


Ishinomnlvi 

Mito 

Tokyo 

Utsuiiomivii 

Fukushima 

Maebashi 


3h 19ui 42s p.m. Slight. 

3. 25. 68 

3. 2fi. 9 

3 . 27 . 0 

3. 27. o 

3. 27. 9 


Tlie diagram was obscured by veiy pow'erful P.O., whose juax. 2a was 
0,15 mm in each coinponent, and whose average period was 5,48. 

The earthquake motion consisted of small quick vibrations, whose 
max. 2a was 0,09 mm in the EW and 0,04 mm in the NS component. 


Eqke Xo. 85. February 1st 1899 ; Ih 34m 55s a.m. 
Total duration = 64m. 

Obsen’ations at Meteorological Observatories : — 


Matsuinoto 

111 35m 4s a.m. 

Aomori . . 

. . 1 . 

36. 

30 

Yamagata 

. . 1. 

37. 

0 

Miyako . . 

. . 1. 

37. 

2 

Mito . . . . 

. . 1. 

37. 

8 

Tokyo 

.. 1. 

37. 

42 

Fukushima 

.. 1. 

37. 

61 

Kumagae 

. . 1. 

37. 

54 

Yokohama 

.. 1, 

39, 

62 


Slight. 


Motion gentle. 


Motion gentle 


■/ 



F. OMOBI. 


i^SW «ampooent). 

The P.T., whose doratioa wee Im 5 r, coneiRted of small vibrationB of 
an areiage period of 2,6s, snperposed on slower wayes of an average 
period of 7,0 b. The small snperpositions were present also daring the 
first 7m ISb of the P.P. 

The P.P. which lasted for 10m SOs, Itegan with two slow nndalations 
at an average period of 20,58, MrhoBe max. 2a was 1,0 mm. During the 
next 2m 12s, the motion consisted essentially of vibrations (max. 2a = 
0,75 mm) of an average fieriod of 11,0s. Again during the next Im 11s 
the predominating waves were quicker and had nn average period of 5s. 
These wore followed by vibrations of an average j)eri(xl of O.Os, superp<ised 
nK»9 or less definitely on slower ones of an average {teriod of 13,3s. The 
aheolute max. 2a of 0,75 mni (period 9,ls^ occurred at 6m Os from tls* 
beginning of the earthquake and formed the very last vibration of the 
most active portion. 

The E.P. Tlie average period dtMluced fmni two successive gnmps 
of 50 vibratioiiB was as follows 

V < General mean) 

0,6 ' 9, ‘2s. 

(NB component). 

The P.T. lasted for Im 4s. 

The PJP. The max. 2a was 0,7 mm. 

Eqie No. 69. February 13th 1899 ; 4h 29m 49s a.m. 

This vras a very small earthquake. 

Observations at Meteorological Observatories ; — 


Isliinoinaki 

5h 11m 50s a.m. 

Weak. 


Tokyo 

. . 5. 15. 

7 

Slight. 


Fnknahima 

. . 5. 16. 

0 


Houses shaken, 

IGyako . . 

., 6. 20, 

14 

»? 

Motion quick, 



HOniZONTAL PENDULUM OBSERVATIONB OF EABTHQUAKES, 


EqTce No. 90. February 20th 1899 ; 7h 37m 68b a.m. 
Total duration = about 6m. 

Observations at Meteorological Observatories : — 


Tok3'o 

4h 47m Is a.m. 

►Slight. 


Yamagata 

7. 47. 40 



Kuiliagae 

7. 47. 8 



Mito 

7. 47. 60 

Weak. 

Motion quick. 

Etsunomiva . . 

. 7. 48. 28 

Slight. 

Motion gentle. 

Fukusliima 

. 7. 49. 6 


Houses shaken. 

-Tshinomaki 

. 7. 49. 23 

>5 



Tlio 1st P.T. lasted for 27,7s and consisted of very small 6y ck 
vibrations. 

The 2ud P.T., whose duration was 4s, also consisted of small vibra- 
tions. 

The P.P., whose duration was 26s, consisted of small vibrations; the 
max. 2a of 0,08 mm in the EW and 0,06 mm in the NS compcjient occur- 
ring at the commencement of this epo»*h. 

P.O. Tliere were slight traces of P.O. whose average period waa 6,8s. 

Ef/l'c Nn. 94. Felmiary 28lh 1899 ; llh 16m 40s p.m. 

Total duration = about 6m. 

Obsers’ations at Metenirdogical Observatories : — 


Kofu nil lorn 65s p.m. Slight. 

Tokyo 11. 16. 6 „ 

Mito 11. 16. 45 


Maebashi . . 11. 17. 41 „ 

The P.T., whose duration was 63s, consisted of small quick vibratians 
superposed on traces of slow undulations. 

The P.P., whose duration was 13s, began with a well defined miotion 
of 0,1 mm towards E and 0,05 mm towards S. In the EW component the 
]nn. 7 r, 2a o| 0,12 mm occurred at 6s from the beginning of the PJP, ; while 



F. owmi. 


# 

Ia NS oompoDent the max. 2a of mm oociin«d at 2,2s and also at 
tk after the same moment. 

Sqhe No. J03. March 16th 1899 ; 4h 49m 14s a.m. 

Total ditFation=27m. 

Oliserrations at Meteomlogioal Oltsen'atorics : — 


Yokohama . . 41i 28in Os i. Slight. 

Tokyo 4. 50. 27 

Mito. ... .4. 50. 53 Motion gentle. 

Kofn 4. 52. 15 

UtmuMMiMya . . 4. 52. 20 

Mi>ko 4. 54. 34 

Nagano 4. 51. 29 

Fnknshima 4. 53. 23 


The P.T., whose duration wtis lin SGs, consisted of veiy small vibra- 
tkms of an arerage period of 2,4s. 

The P.P., whose dnmtion was 7ni, consisted of slow wares of an 
average period of 8,78, superposed a'ith quicker vibiations. Tlie max. 
2a’s of 0,28 mm in the EW and of 0,24 mm in tlie NS com]x>nent occurred 
respectively at 3m 45s and 4m 36s from the commencement of the earth- 
quake. In the later part of this epoch the motion consisted of vibrations 
of aanverage period of 6,4s, superposed here and theic with small move- 
ments of an average period of 3,3s. 

The E.P. The average period was 7,0s. 

Eqhe No. lOo. Maix>h 20th 1899 ; 3h 25m 47s a.m. 

' Total dnraticni= 21m. 

ObservationB at Meteorological Observatories : — 


Miyako 3h 24m 43s a.m. Slight. 

Hakodate 3. 25. 57 


(EW component). 



HOKIZONXAL PENDULUM OBSEBYATIONS OF EASTHQUAKiiS. 


The let P.T., whose duration was 64s, consisted of very smalt vibva^ 
tious of an average period of 2,1s. 

The 2nd P.T. lasted for 77s. The amplitude remained nearly 
constant throughout tliis epoch, the max. 2a being 0,05 mm in each eom- 
jKtueut. Near the commencement tlie average period was 2,4s, W^ile 
towards the end it was 4,9s. 

Tlte P.Pr, whose duration was 4ui 40s, began with 7 vibrations which 
tc^ther occupied 36,8s and liad an average period of 5,3s. Then followed 
the most active group of 8 waves, whose max. 2a was 0,15 mm and whose 
avei-age period was 4s. The succeeding waves had an average period of 
5,08. 

TIi(> E.P. V as somewhat obscuied by small P.O., whosg* ^enge 
jHjrioil, measu]-ed immediahdy Ijeforc the eaithquake was 3,5s. 

(NS c*ompouout). 

The max. ‘2a was 0,06 mm. 

Ao. March 20th 1899 ; 4h 12m 29s p.m. 

Total duration = 16m. 

Observations at Meteoiological Observatories : — 


Ishiuomaki 4h 7m 57s p.m. Slight. 

Miyako 4. 12. 36 

Hakodate 4. 13. 20 

Mito 4. 14. 20 „ Motion gentle. 


The P.T., Avhose duration was about 32s, consisted of very small 
vibrations. 

The P.P. lasted about 4^m. At about Im 29s from the commence- 
ment of the earthquake, there appeared the most active group of waves, 
which together occupied Im 52s and liad an avei-age period of 3,8s. The 
max. 2a was 0,15 mm in the EW and 0,12 mm in the NS component. 

JSqke No. 108. March 22ud 1899 ; 7h 22m 368 p.m. 

Total duration = 23m. 



m 




F. OXOBl. 


OinMwaticaig at Meteorological .Obaonuturietf : 


MMnnnMAi 

7h 

22m 

17s p.iu. 

Weak. 

Houses shaken. 

VUkuhiiua . . 

7. 

23. 

50 

f* 

(Followed by after* 
(shocks. 

Sbehaslu 

7. 

21. 

59 

Slight. 

Motion gentle. 

Tamagata 

7. 

22. 

u 

*1 


Mito 

7. 

22. 

46 


Motirur quick. 

Mijako 

rm 

4, 

22, 

56 ■ 



Tokyo . . . . 

1 . 

23. 

0 


Motiou Blow. 

Nagano 

7. 

23. 

6 

»» 


Ifnmagiw 

7. 

23. 

29 

n 


Utsuncm^jra. . 

7. 

23. 

38 

yy 

Motion slow. 

Matsumoh) . . 

.. 7. 

23. 

47 

yy 


Hikone . . 

7. 

23. 

50 


Motiou geuth*. 

Yokohama . . 

7. 

23. 

53 

y* 


Kofu 

.. 7. 

24. 

16 




The P.T., whose duratiou was 348, consisted of verj- small vibrations. 

The P.P. lasted about 4jm. During the first 2m, tbo motiou was 
anperposed with small movements of an average period of about 1,8s ; 
there being in the earlier imii some traces of still quicker vibratioas. 
The max. 2a of the vibratioas, which occutTed at the commencement of 
the P.P,, was 0,45 mm in the EW and 0,3 mm in tlie KS component. 
From about 7h 23m 248 there appeared 19 large well defined vibrations of 
an average period of 0,78, their max. 2a which tHicurred at 7h 24m 20s 
being 0,52 nun in the EW and 0,3 mm in the NS comimnont. Those 
were followed by Avaves of an average period of 3 h. 

The E.P. The principal average ireriod, deduced from two successive 
groups of 60 vibratioirs, in the EW component, was as follows ; — 

I (General mean) 

8,0 ) 7,6s. 


Eqie Noit 120. April 9th 1899 ; 5h 42m 22s a.m. 
Tote! durations 18m. 



HOBIZONTAL PENDULUM OBSERVATIONS OF EABTHQUAEES. 


m 


Observ'ations at Meteui'ological 01>8eiTatories 


Miyako 

51) 40m Os a. 111 . 

Slight 

Fukushima 

5. 

41. 

5 


Mito 

5. 

42. 

52 


YcAohama 

5. 

42. 

59 


Ishinomaki 

5. 

43. 

11 


Utsunomiya . . 

5. 

43. 

34 


Tokvo 

5. 

42. 

58 


lEW conipoiieiit). 

The r.T., whose- 

ilurutioii 

WJIS 

30s (?) 


vilmitioiis. 


The P.l*., whose dumtiim was 12iii, begau gi'iiduallj’. For the first 
Iju 30s, the iiKjtion cousisted of small vibi'aticms of }ui average period of 
3,3s (^mixed with still smaller ones), sui)eriK)sed on slower waves of au 
average jxjriod of O.Os. Then followed, for Im 30s, tliirteeu well defined 
vibrations of an average iHjriod of 0,9s, whf)se mux# (al>s. ) 2a of 0,1 mm 
t>ccuiTed at 2fm after tJio eommi'iuv.'ment of the eai-tlujuake. 'The motion 
then showed a si:iies of alternations of inaximnm and minimum gioups, 
the aveijige perifMl being 9,0s. 

Tlie F.l*. was eonfused by slight F.O, 

1\( ). The avei'agts period, measured before the eai-thquake, was 3/lu. 
<IsS component). 

The sharp coiiieal ia)iut of the horizontal stmt of the pendulum Lad 
l»een bix)k('n and aei-ordingly the mitural i)eriod of oscillation of the latter 
was rifdneod to about Gs. (‘ouseqiwujtly the diagram was not satisfactory, 
the pendulum having been, during the oaithquake, tlmDwn into its own 
motion. 


Eqhc No. 122. April 13th 1899 ; 41i 29m 57s a.m. 

Total duration = 2m 30s. 

Observations at Meteorological Observatories : - ' , 

Yokohama 4h 25m lls a.m. Slight. Motion q^ok. 

Ishinomaki .... 4. 26. 11 „ 



Wit. 

HhMboakiyn 

Y. OXOML 

4h 29m 90li a.m. 

HUght. 

t 

Mottem quick. 


4. ao. 

8 



TVAto 

m 

4. 3<1. 

44 

« « 


Mito . . 

. 4. 3th 

iio 

• « 

Motion quick. 

Mijako 

4. 32. 

28 

% « 


(Iboehi 

4. 33. 

8 

f % 


Fnknshimn 

. 4. 37. 

. lo 

• ft 

Motion Quick. 


The fsanmieuceiueut wa8 coufiued by kiiihU P.O. Tim duraiiou of tlm 
P.T. wan appnndmHtel^' 14s. 

The P.P. otMUtisted uf quick vibratiouH, tlm max. 2a being 0,12 iiiiii in 
the KW and 0,05 miu in the component. 

JBqha Xo. 125. April 16tli 1890 ; 2h 27ui 28s p.iii. 

Total daiHtiun=:17]u. 

Obeervations at Meteorological Observatories : — 


Uteunomija 

2h 27m 2Us p.iii. 

Slight. 

Motion quick. 

Fukushima 

2. 27. 

27 


Himses sliakeu 

Yamagata . . 

2. 27. 

50 



Ghoshi 

2. 28. 

(I 



Kofu 

2. 28. 

](» 



Mito 

2. 28. 

10 


Motion quick. 

Yokohama 

2. 28. 

20 


Motion gentle. 

Ishinmnaki 

2. 28. 

34 



Miyako 

2. 29. 

18 


Motion geuthi. 

Tokyo 

(NS oomponent). 

2. 28. 

14 




The P.T., whose dumtioii' was 23s, consisted of siiiall quick vibra- 
tions. 


The P.P. lasted for 4m 40s and consisted for the first 47s of quick 
vibratioiw, whose max. 2a of 0,1 mm occurred near the commencement. 
Alter fids, the motion consisted of vibrations of an aveiage period ol 
1,78 superposed on slower ones of an average period of 3,38. These latter 



HOBIZONTAL FENDrLnf OBREBVATIONB OF mTBQTAItCG 


lieoame promment firat from Im 46 r after the hymning oi 
quake : their max. 2a was 0,1 mm. 

(EW component). 

Tlie P.T. lasted for 23s. 

The P.P. consisted at first of quick vibrations siiperposed on 
of an average period of 2,6s, whost' max. 2a of 0,2 mm occurred at 33^- 
from the beginning of tlie earthqu.ake. 

The E.P. Tlie average pericnl was 3,5s. 

Eqh‘ Xn. I'JS. A])ril lOtli 1899; 3h 13m 6 h (?) p.ni. 

Total duration=2m 208. 

()l)seiTationa at Meteorological Observatories : — 

Fnknshima . . . . 31) 33iu 40s p.m. Slight. 

Vtsvmomiya . . 3. 34. 5 ^lotion <|ui<‘k. 

Mito 3. 34. 30 

Choshi 3. 34. 45 

I’okyo 3. 34. 49 

Yokohjima . . 3. 34. 5G 

Matsnmoto . . 3. 3G. 32 

The bogiimiug was confused by P.O. The P.T. lasted, however, for 
ibout 9s. 

The P.]’. The motion consisted of quick vibrations, the max. 2a 
l)oing 0,04 mm in the EW and 0,02 mm in the NS component. 

The E.P. In the EW component, there existed traces of vibrations 

■)f an average period of l,Gs. 

» 

EqlY No. 148. June 15th 1899 ; 3h 49m 41s p.m. 

Total duration =2om. 

Observations at Meteorological Observatories ; — 

ILomori 3h 49m Os p.m. Weak. 

[shinomaki . . . . 3. 48, 39 Slight Motion gentle. 



F. r»MOItt. 


JU^ 


3h 4Hin aid 


AldtR . . 
Hito .. . 

l^akoflliima . 


X 49. 30 
X 49. 42 
3. 50. 18 




3. 50. 59 


Rliglit. 


{'EW ccnupcmeut). ‘ 

Tlie P.T. iHRtetl for lui 18s. Towanls tlio on<l tin* inotiou <*()imiste<l 
<»f well defined vibratiouH of an average period of 3.0s. sii]»erpose(l with 
atilt atnaller ones. 

The P.P. laatetl for al»nt 8m. Thm'ng the tii'st Ini 4fis the motion 
wwaamaU (^niax. 2a = 0,15 iniiu ami eoiisistetl of vihmtions of an nveingt' 
fieriod of 2,78, Buperpoaed more or leas definitely on tonnes of slower ones. 
Then took place tlie mas. (alia.) 2n of 0,25 iniu, foUoa-ed hv 13 well defined 
Tibratictna, which gave an average periotl of 7.3s. Towanls the end w'aves 
of an average period of 3,6a were prominent. 

The EJ*. Towards tlie ver\- end. the average perio<l was 9,2s, 

(NS component I. 

Tlie mas. 2a was 0,2 mm. 


Eqke No. 130. June 17th 1899 ; lOh Om 35s a.m. 
Total duration = 111 ]9ni. 

Observations at Meteorological Olisenatories : — 


Ishincmiaki . . 

Oil 4lin 15s fi.in. 

Slight. 

-Fnknshima . . 

10. 8. 

58 

»» 

Nemuro 

10. 9. 

30 


Mito 

10. 10. 

0 

99 

Ifiyakp 

10. 10. 

49 

„ Motion quick. 

Aranoii 

10. 11. 

0 

99 

hlltO • . 'v . 

,mi2. 

j 

15 

99 

Tokyo 

16. 12. 

45 • 

J 

99 

T 

(NS coatpcniefnt). 





* 

The P.T., «whos 9 . diP^tion was 2m 32s, consisted of waves^ an 
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average period of 7,2s, superposed mth vibrationB of an avnmge 

2,9s and also with other still smaller ones. The max. 2a of (MMHoii,-.. 

occurred at Ss from the commencement. 

The P.P., whose duration was 7m, was especially active duii^lPMitt 
first 3m. It began with a well demarked 2a of 0,12 mm and beanse 
at the 3rd vibration whose 2a was 0,4 mm. The max. 2a of 0,58.)aiin 
occurred at lOh lOm 38s. The waves had an avmnge period of 8i9s, 
superposed with others of an average period of 5,58. 

Tlie E.P. Tlie average period was 7,48. 

(EW component). 

The P.T. lasted for 2m 32s. 

The P.P. The motion began with a displacement of 0,22 mm and 
l)ecame large at tlie 3rd vibration whoso '2a was 0,45 mm. During the 
next 2ni 33s the motion remained on the whole nearly constant, the max. 
2a of 0,68 mm occurring at lOh 12m 128. 

Uqkc No. 161. June 18th 1899 ; Ih 52m 27 b p.m. 

Total duration = 24m. 

Obsen'ations al Meteorological Observatories : — 

Fukushima Ih 53m 30s p.m. Slight. 

Miyako 1. 64. 63 

Tokyo .1. 54. 56 

(NS component). 

The P.T. lasted for about Im 43s and consisted of e:|jtremely small 
vibrations. 

The P.P., whose duration was 4m 10s, began witti a displacement of 
0,1 mm. For the first Im 2s the motion remained small and ccnudstiMl 
vibrations of an average period of 3,78, superposed with ether still smaller 
ones. Tl^ there followed 5 well defined slower vibrations of an ayen^ge 
period the last having the max. (abs.) 2a of 0^1 mm; 

The E.P. Towards the very end, the avei^ogo period arag fi^Ss, 
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^I^PlialiaHi wm oaperpoaed od abwer ones ci an avange period of 8.28. 
41» nasi Im 60a. the pred o ml na l in g average period vraa 6,9 b, the max. 
li ing tiiis par! of motion being 0,3 mm in the £W and 0,38 mm in 
vs component. Then followed quicker waves of an average period 
of 11,98. 

^Hie RP. The motion ooneieted oi vibrations ol an average period of 
3,88 enperpoeed mote or leae^ distinctly on slower onee of an average 
period of 8,2s. 

JBqhe Ho, 182. Angost 13th 1899 ; 2h 26m 178 p.m. 

Total duration =7m. 

Observations at Ifeteoiological Obaen'atories : — 


Kamagne . 

. 2h 

26m 

188 p.m. 

Mito 

2. 

26. 

46 

lahinomaki 

2. 

26. 

30 

Tok^ 

. 2. 

26. 

41 

MaeAmshi 

2. 

27. 

2 

Yokohama 

2. 

27. 

18 

Fnknshima 

. 2. 

28. 

8 


2. 

28. 

6 

Akita 

. 2. 

29. 

46 


The P.T. lasted for 16s. 

The PP. consisted of small quick vibrations. The max. 2a was 0,06 
mm in the RW and 0,06 mm in the NS component. 

The E.P. The average period was about 3s. 

' Eqke Ho. 184. August 14th 1898 ; 8h 48m 24s a.m. 

V Total duration=7m. 

Obijtrvations at Meteorological Obaervatories : — 

Fokoshima 8h 46m 18e (?) a.m. Slight. Houses shaken. 

Xnmagae .... 8. 47. 48 „ 

Tokyo - . . . 8. 49. 8 „ 

Mte ' ..... 8. 48. 14 



HOBIZONTAL PENDULUM OBEBBVATIONS OP EABlBQlUiXEa. 


The P^T. laet^ for 148. . . 

The F.P. There were two maximum moTemoBits, of which. 
took place at the oommeucemeut of this epoch and was f),03 nua 
EW and 0,01 mm in the NS component. The second majj|touin ooca:i[|!|i^^^ 
8s later on and was 0,07 mm in the EW and 0,02 mm in the NS 


ponent. During tlie first 30 b the motion consisted of quick period Tibza- 
tions. Then there appeared slower morements of an average period 'OfC 
12 , 08 . 

The E.P. Towards the end, the average period was about 4,4s. 


Egfce No. J.94. September 9th 1899 ; about 9h 46m a.m. 

Total duration = about 15m. 

f 

This earthquake was obsen-ed at no Meteorological Observatory, but 
probably belongs, as the following earthquake No. 195, to the group m. 
Tlie motion showed traces of vibrations of an average period of 9,3s. 

Eqke No. 196. September 9th 1899 ; llh Om 34s a.m. 

Total duration = 42m. 

Obseiv'ations at Meteorological Observatories : — 

Akita lOh 55m 32s a.m. Slight. 

Milo . . 11. 3. 7 

(EW component). 

The commencement was somewliat obscure owing to the presence 
• slight P.O. The motion was almost completely free from superposed 
quick vibrations. 

The -P.T. lasted for about 42s. The average period was 8,4s. 

The P.P. lasted- for about 12m. For the first 2m 30s the motu^ 
consisted of slow undulations of anaverage period of 22s, super^bsed wifih- 
vibrations of an average period of- 9,8s ; the amplitude remained needy 
uniform, the max. 2a being 0,6 mm. Tlwu there followed, for 
quicker vibrations of an average period of 8,9s, the first of whion bad a 
niPiX. of 0,8 mm. For the next 38s the motion was most'aadvepQd>Ml. 



r. 


(«hi.) ii al(^9 mm, tts af u i gi puriod btiof 8,6i. IbnMdi 
piilodwiiT^. 

SIm B.F. Tilt ftTtnci pulod dtdnotd from thm onootultt fronpt 
M TlbnMoMi, iiM M folkrra 


Mt 

M 

M 



(•Ithi ond). 


(OoMiol moon) 
6 , 4 ik 


13m kb oompottwt diagmm wm not imtlitMiory. 


J|il« m. Soptembw 18Ui 1890 ; llh 6m 66o p.m. 
lIMtl dnnUoDBUm. 

Oboorfoliont ol Meteorolagtool ObMrvotoriM 


MwoWiim . . . . llh 9m 95i p.m. SUf^t. 

libiqfo 11. 6. 99 M 

mto 11. 6. 84 M ]>noni ulmkeu. 

Kwimum .... 11. 7. 84 
ToholMma . . . . 11. 7. 69 „ 

Ohodd 11. 16. 66 


TImP.T., whoM durotlott 80ii, oondited of v«ry uttuiU vaoMb^ 

tarn PJP., whoM dumtion wm 8m 44«, ooulotsd during iho 6nt <lm 
80i| of my quiok ihmII vibrntioM (mmt. 9ftB0,19 mm in tht SW and 0,1 
flUft In Um NB oomponont), ouporpoMd ou alowor warn flfUau amaga 
pMdod of 6,9t (OMX. 9aai0,l mm In tha BW and 0,14 mm In tim NS oom- 
ponani). Than thaia lollowad waUdadnad ylbratlons of an amaga parlod 
.of 6,la{ Bm max. (aha.) 9a, whloh ooouRad at 9m 808 from tha baginuing 
of tha aaithquaba, baing 0,16 mm in tha BW and 0,9 mm in tha NB 

Tbm motion dmwad a aal|i|<^aliamatlona of maximum and minimum 
gvauffi tha 9nd|.8rd, 4th« 6th a^ 6th madmwn 9a'i oeoonlng, In tha NB 



robhontal pimuLuic ounvAxiom of ttaimAm. ^ mr 

<K»Qpon«&t, mpeoUYdy nt Im tSt, 2m 44i, 8m 40i, 4m SVii tad im Hi . 
after tb* lit (aba.) masimixm motlm. 

Tbi E.P. The anragi period waa 8,8a. 

irqho No. 208, Ootobir lat 1809 ; llli ra 92a a.m. 

Total duxatlonB24m. 

Obairvatlo&a at Mitioxologloal ObairVatorlea :~ 

lahl&omaki . . . . 11b 29m 55a a.m. EQlgbt. 

Mlto 11. 40. 0 

Hiyako 11. 40. 24 

Fttkuablma . . . . 11. 41. 59 „ Hooaia ahaken. 

Matauyama 11. 58. 0 „ 

The oomminoemi&t vaa obaoured by the mlatenoe of alight P.O. 
The P.T. laated, however, for about 2m 82a and oooaiatid of amall 
vibratloua of m average period of 2,2a. 

The P.P. began with the max. 2a of 0,07 mm In the EW and 0,08 
mm in the NB component. For the flrat Im 14 b the average period waa 
10, 6«, while during tlie next Im 10a it waa 7,8a. 

Eqh No. 221. Ootobber 21at 1899 ; lOh 8m 9a p.m. 

Total duration SB 8m. 

Obaervationa at Meteorological Obaervatoriea : — 

Motion quick, accompaiaed 
Miyako . . . . lOh 5m Oa p.m. Strong. ' by vertical movementa ; 

houaea ahaken. 

Akita 10. 8. 15 Slight, Accompanied by vexi mo4» 

Aomori . . . . 10. 7. 80 „ 

Lkhinomaki . . 10. 8. 81 „ 

!9okyo 10, 8, 41 „ 

Fukuahima . . 10. 18. 9 

The motion waa amall, the max. 2a being 0,b4gkm in eaeh 



r. OMOU. 


P^HnBOB un eDoemeDt ajud end of ilie moikm wan (dtectnied by the exietenoe 

Efie Xo. 223. October 29th 1899 ; llh 18m 47 h p.in. 

Total diirati<ni=abaat Sm. 

Obaerrations at Meteorological Obeen-atories : — 

Fnkashima . . llh 20m 13b p.iii. Slight. 

The P.T. laated for aboot 12s. 

The P.P. consisted of small qaick vibrations. The motion was oon^ 
fbaed by afacong P.O. 

P.O. began to appear about 7 hours before the earthquake, the mas. 
2a beiDg 0,07 mm in each component. Tlie average period was 4,68. 

E!qhe No. 224. November 3rd 1899; Ih 39m 21 b p.in. 

Total duration = 29m. 

Observations at Meteorological Observatories ; 

Fnknahima . . Ih 35m 6s p.m. Slight. 

(N8 component). 

The motion was small during the first 40s. For the next 2m 15s the 
waves were well pronounced and had an average ptmod of 6,18, the max. 
2a being 0,04 mm. For the next Im 408 the motion was again small and 
had an average period of 11,1s. Then there fono-vved the group of the 
most active vilwaticHis, which lasted for 4m 22 b and liad an average period 
of 6,6s, the max. 2a being 0,05 mm. After this the motion became small. 
(^W component). 

The P.T. lasted for about 4m 50s and consisted of very small 'vibiw^ 
tions of an average period of 4,38 superposed on slower waves of ai| 
average period of 7,68. Hie max. 2a was 0,03 mm. 

The P.P. which lasted 6m 68 began with the max. (abs.) 2a of 0,13 
T»iw and had soi'avexsgB period dl 8,1s. 



BOBIZONTAL P1»DDLU1[ 0B8BBVATI0NS OS 


Egke No. 226. November 6th 1899 ; 7h 53m 47i|j^ p.m. 

Total duration =s'SS9m. 

Observations at Meteorological Observatories : — 

Fukushima 7h 54m 46s p.m. Sb'ght. 

(EW component). 

The P.T., whose dumtiou was 2m Os, consisted of small vibrations of 
an average period of about 2,8s, superposed on undulations of an avenga v 
period of 10, Os. 

The P.P. lasted 8m. The max.. 2a of 0,05 mm occurred at the ocnttr.., . 
mencement, but the motion remained sensibly constant in ampBkoda 
throughout this epoch. In the earlier part the aveiage period -was 
in the later part it was 7,18. 

(NS component). 

The max. 2a was 0,05 mm. 

P.O. Tlie vibrations were very small. Their average period,, 
measured a few hours before the earquake, was 4,2a. 


N(/J:e No. 229. November 11th 1899 ; 2h 40m 24s a.m. 
Total duration = Ih. 

Observations at Meteorological Observatories : — 


Hakodate 

2h 89m 14s a.m. 

Weak. 

Motion quick. 

Aomori 

2. 

40. 

0 

99 

r • 

M^ko 

2. 

43. 

16 

99 

Duration long. 

Fukushima 

2. 

18. 

36 

Slight. 


Mito 

2. 

39. 

40 

91 


Tokyo 

2. 

40. 

45 

99 


Kushiro 

2. 

41. 

12 

99 

Motion quiok. 

Knmagae 

2. 

41. 

49 

99 

• 

^okcdmma 

2. 

41. 

56 

99 

Motion quick. 

Akita 

2. 

42. 

30 

99 

! 

Eiofa 

2. 

47. 

30 

99 

Motion quick. 

Ikhinomaki 

2. 

61. 

5 

99 

Houses sfiakei 



r. oaioRi. 


(PW flompoDMii). 

The P.T., whose dontiait was Im 19 b, begtai with yery staall oKnre- 
ments. The motion oonautad of vibrations of an average period of 3,9 b, 
anperpoeed with extremelj Bmall waves. 

The P.P., whose duration was 9m, oohsisted during the first 9ni 3 b of 
weU defined vibrations (max.' 9a =0,4 mm) whose average period was 2,9 b. 
During the next 3m 9 b, the motion was most active ; the max. 2a being 
0,65 mm and the average period 4,28. After this there appeared smaller 
and slower vibrations of an average period of 7,0s, mixed with others of 
an ^verage period ci 5,3s. 

TliS>E.P. The average period was 6,8s. 

(NS oompcment). 

The P.P. lasted for Im 8s. 

The PJ?. The motion was most active during tlie first 4ui 40 h, the 
predominating average period being 3,48. The max. 2a of 0,85 mm 
oocurred at 3m 8s from the beginning of the earthquake. 

Eqke No. 230. November 11th 1899 ; 7h 10m Os n.ni. 

Total duration = 35m. 

Observations at Meteorological Observatories : — 

Aomori 7h 10m 20s a.m. Slight. 

Pukushima .... 7. 6. 29 „ 

Miyako 7. 13. 28 

(EW component). 

The P.T., whose duration was Im 30s, consisted of small vibrations 
cf an average period of 7,9s. 

^ The PJ*., whose duration was 7m 10s, consisted during the first Im 
28s of smuU vibrations (max. 2a =0,08 mm) of an average period of 5,9i|t 
During the next 3m 3b, the motion was most active ; the max. 2a bein^ 
0,15 mm and the average period 6,1 b. In the earlier and the later parts 
cf this epoch there were also traces of small vibrations of ’an average 
period <A 2,7b. 



HOBIZONTAli VmVVLVU OBSEBVATIOKB 07 XABTBQrAEn| 


The E.P, consisted q| regolax yibrations of Aix average perioi{'df,iyll|hr 
(NS component). 

The max. 2a was 0,15 mm. 

No. 239. December 10th 1899 ; llh 2&m 218 p.m. 

Total duration =lh. 

ObservatiouH at Meteorological Observatories : — 


Tokyo llh 22m lOs p.m. Slight. 

Mito . . . 11. 22. 30 

Yokosuka . . 11. 22. 30 „ 

Maebashi .. .. 11. 22. 39 

Eofu 11. 26. 21 „ Motion quick. 


(EW component). 

The P.T., whose duration was Im 12s, consisted of small quick move- 
ments superposed on traces of slower vibrations of an average period of 
3,88. 

The P.P. consisted for the first Im 2os of quick vibrations (max. 2a 
= 0,1 mm) superposed on slow undulations of an average period 17,0s, 
of wliich the fii-st had a max. 2a of 0,5 mm. The superposed small vibra- 
tions then disappeared, and for the next Im 20s the motion consisted of 
well defined vibrations (max. 2a =0,15 mm) of an average period ^ 3,08. 
During the next 3m 50s, the average period was 4,9s (max. 2a =0,25 mm). 
On all these latter vibrations traces of waves of an average period of about 
10s were superposed more or less definitely. Later on the average period 
was 9,3s. 

The E.P Towards the very end the average period was 8,3s. 

(NS component). 

The P.T. lasted for Im fis. There were traces of waves of an average , 
period of 8,18 (?) 

The P'.P. commenced with small quick movements superposed on slow 
undulations of an average period of 19s whose second vibrarion had thei 



mmu Sfe of 0^ flUB. Tb» VKtoM intiodi wiiicli oee a rred daring tite P.P. 
mntm fdOoim: — 

qaidcBsi ribntkais (max. 2a=0,2 mm) ; 

4,9a (max. 2a=0,25 mm) ; 

10,8 (max. 2a =0,25 mm). 

Eqhe No. 240. December 12th 1899 ; 8h 43m 278 p.m. 

Total daxatioa=16m. 

ObaerrationB at Meteorcdogical Obaenratcnies : — 


Foknaluma 3h 43m 8s p.m. Slight. 

ToIp^ 3. 43. 51 „ 

ICto 3. 45. 15 


The P.T. lasted for about 35s (?). The commenoemeut of the motion 
wm eonfased bj slight P.O. 

The P.P. The average period was 7,8s, and the max. 2a was 0,04 
mm in each compcment. 



HOBIZONTAL PEKDTJLtTK <tM»KVATI0N8 OF ajOCTHQUAXlB. i 



GROUP rv . — Earthquakee wJdch originated off the cotutv 
the provinces of Hitachi and IwaJei. 


Eqhe No. 3. July 16th 1898 ; 6h 10m 228 a.m. 

Total duration = 6m. 

Observations at Meteorological Observatories ; — 


Mito 6h 8m 34s a.m. Slight. Motion quick. 

Fukushima 5. 9. 45 „ Motion gentle 

Choslii 5. 9. 63 „ 

Tokyo 6, 10. 44 „ 

Kuinagae 6. 10. 48 „ 

Maebashi 6. 10. 66 ' 

Utsuiiomiya . . 6. 11. 0 „ Motion ^^ntle 

Kofu 5. 12. 47 


The P.T., whose duration was Ids, consisted of vibrations of an 
average period of 1,2s, superposed with very quick small waves. 

The F.P., whose duration was 21s, consisted essentially of vibratkins 
of an average period of about 1,1s. The max. 2a was 0,16 mm iu the £W 
and 0,20 mm in the NS component. 

The E.P. The average period was 2,7s. 

Eqhe No. 20. August 22nd 1898 ; llh 31m 63s p.m. 

Total duration = 6m 20s. 

Observations at Meteorological Observatories : — 


Nagano llh 13m 41s p.m. Slight. 

Fukushima.. 11. 37. 49 ,, Ifotion gebl^. 

Uicunomiya . . 11. 40. 0 

Maehachi . . . . 11. 40. 8 


MotioBgMilia 



m40ul4«ik.m. EBiglit 
11 . IOl 88 
11. 4L 5 
11. 41. 80 
11, 41. 21 
11. '41. 60 

P.T. lasted for ITa. ' 

The P.P. ooDsisted esseniiaUj of quick waves of an average period of 
1,0 b, saperposed cm slower ones of an average period of 3,0s. The max. 
2s was 0,05 mm in the £W and 0,04 mm in the NS component. 

Itt^ihe fLP. the average period was 2,98. 

Eqht jyio. 20. August 23rd 1898 ; llh 42m 53 b a.tn. 

Total duration = 3m 24s. 

This earthquake was observed at no uteteorologiuil obfienator}', but 
seems to have originated at the same place as the following earthquake. 
No. 21. The motion was verj small. 

The average period, measured towards the end. was 2,0s. 


HHo .. 
Kofo .. 
Mijrako 
Tahinnmalu 


Eqie No. 21. August 23rd 1898 ; llh 47m 17s a.Tn. 
Total duration = 8m. 

Observations at Meteorological Observatories : - 


Fnkushima . . 

.. llh 

46m 

25s a.in. 

•Mito 

.. 11. 

46. 

32 

Kumagae 

.. 11. 

46. 

42 

Uteunomiya . . 

.. 11. 

47. 

42 

Tokyo 4 

.. 11. 

47. 

69 

Maebashi 

.. 11. 

51. 

0 


Slight. 


9f 


Motion gentle. 


The P.T. lasted for ITs. 

The PJ*., whose duxatiou was 49tf, began with quick vibrations. 39£ 
later there appeared well defined lazgier waves, whose average period vvaa 



HOBIZOXTAL FEKSmnC (pOBTATIONS OF SASXBQVASH. . 


8,6s and whose max. 2a of 0,04 mm in each component oooaxrect A 06k 
from the commencement of the earthquake. 

The E.P. The average period was 3,3s. 


Eqke No. 32. September 16th 1898 ; 8h 32m 40s a.m. 
Total durations 12m. 


Observations at Meteorological Observatories : — 


Mito 

8h 32m 25s a.m. 

Weak. 

1 iULUUlUll 4UIUII 

1 shaken. 

Matsumoto . . 

.. 8. 

30. 

59 

Slight. 


Choshi . . 

.. 8. 

31. 

60 



Utsunomiya 

.. 8. 

32. 

10 

»* 

Motion gentle. 

Ishinomaki . . 

.. 8. 

32. 

10 

>1 


Maebashi 

.. 8. 

32. 

21 

*» 

Motion gentle. 

Eumagae 

.. 8. 

32. 

34 

>» 

99 

Tokyo . . 

.. 8. 

32. 

42 

ft 


Fukushinm . . 

.. 8. 

32. 

50 

>» 


Yokohama . . 

.. 8. 

32. 

51 

«« 

Motion eentle. 


houses 


The P.T. lasted for 16s. 

The P.P. consisted of quick vibrations superposed on slower undula- 
tions. The max. 2a was 0,3 mm in each component. 

The E.P. The average period was 3,8s. 


Eqke No. 37. September 27th 1898 ; lOh 19m 62s a.m. 
Total durations 16m. 

Observations at Meteorological Observatories : — 


Tokyo lOh 19m 59s a.m. Slight. 

Mito 10. 20. 51 „ Motion gentle. 


Sumagae . . 10. 39. 20 (?) „ 

. j 

The P.T. was not well defined. During the first 58 b, howsf4r, tiw 
motion consisted of small quick vibrations, superposed on waves cC a» 



IIMBIpt psriod of oboni 8/Hk Hie mex. 2a vae 0,0i mm in the SW and 
8UBSI n>iM in the NS oompoftienl Towaxda the end the aTenge period wm 
SJe. 

Efke No. 39. September 28tih 1896 ; 7h 53m 40 r a.m. 

Total dn»Uon=9m. 

ObeervationB at Meteorologicai ObeervatorieH : — 

llito 7h 54m 22b a.m. Slight. 

The P.T. lasted for about 30b. 

The P.P. ocmsisted of very small vibratioiis (period about 0,88) super- 
poaed on veil defined ones of an aremge period of 2,2s. The max. 2a 
van Texy small in each component. 

The EuP. The average period was 3,8 b. 

Eqke No. 63. November 28th 1898 ; lOh 56m lOs p.iu. 

The motion was very small. 

Obeervations at Meteorological Observatories : — 


Mito lOh 55m Os p.ni. Slight. Motion quick. 

Tokyo 10. 56. 10 „ 


Fnknshima 10. 56. 30 „ 

EqlK No. 92. February 22nd, 1899 ; 8h 2m 18s s.m. 
Total duration = 16m. 

Obeenratdons at Meteorological Observatories : — 


Maebaehi 7h Im 568 a.in. Slight. 

Tol^o 8. 2. 38 „ 

Utsnnomiya .... 8. 3. 0 „ Motion gentle. 

_ . /Motion quick : doors 

Ohosbi 8. 2. 10 Bather strong. 4 

(shaken. 

Hilo 8. 3. 44 Weak. 

. 8. 2. 57 Slight. 

Nagano 8. 3. 2 „ 

lUtnahSma .... 8. 3. 45 Houses riiaken. 



HOBIZOBTAL FENDmiUK C»fflBTATIONS Of S4SXHQI7AXK8. 


(EW component). 

The P.T., 'whose duration was 14 b, consisted of small vibratiotts., 

•Vwl- 

max. 2a 's'as 0,05 mm. 

The F.P., whose duration was 3m 50s, began with slower wares of aa 
aver.'ige period of 4,0s, the first motion being 0,2 mm. 21s later l^j^ire 
appeared 5 well defined larger vibrations which tc^ther lasted for lfi,4s 
and had an average period of 3,3s ; the 2nd motion naving the max. 2a of 
0,65 mm. For the next 2m 5 b, the motion was smaller, but the amSgs 
period 'was nearly the same as before, namely 3,2s. During the Vemaindmr 
of this epoch, the predominating average period was 6,78. The quick 
and small superposed movements continued till Im 578 after the oom- 
mencomeut of the earthquake. 

The E.P. The motion consisted at first of vibrations of an a'verags 
period of 3,48 superposed more or less distinctly on slower ones of an 
average period of 6,7s. Towards the end the average period was 4,2s. 

(NS componeiitj. 

Here the 1st and 2nd P.T.’s may be distinguished. 

The 1st P.T. lasted for 12,8s. 

The 2nd P.T. lasted for 8s. 

The P.P. began with slow vibrations of an average period of 4,08, 
whose 3rd vibration had the max. 2a of 0,45 mm. 

4 

P.O. There existed well pronounced slow P.O., whose max. 2a was 
0,06 mm in each component. The average period, measured immddiatdy 
before the earthquake, was 7,3s. 


Eqke No. 109. March 22nd 1899 ; 8h 22m 2s p.m. 
Total duration = about 5m. 

Observations at Meteorological Observatories : — 


Ishinomaki . . 8h 14m 33s p.m. Slight. 

Fukushima 8. 15. 10 „ 

Mito 8. 16. 14 

Tokyo 8. 16. 37 „ 



Houses 

Motion 



"irdtolwiwt 8li 16m'ls p.m. Blig^ 

8. 16. 18 

T<ikmokm a 38. 19 

Tbis was s rnnsll abook, tbe diagram showing only traom of minute 
quick rilatations. 


jG^be No, US. March 36th 1899 ; 6h 46m 45a a.m. 
Total dniation=15m. 

OfaserrationB at Meteorologioal Obaerrstories : — 


Fnknahims . . 

6h 47m 558 a.m. 

Weak. 

Houses shaken. 

Mito 

.. 6. 

46. 

37 


Motion quick. 

Yokohama . . 

.. 6. 

46. 

48 

ff 

Motion gentle. 

Tokyo . . . . 

.. 6. 

46. 

53 

f9 

Motion quick. 

Knmagae 

.. 6. 

41. 

31 

Slight. 


Nagoya. . . . 

.. 6. 

44. 

8 

»• 


Kofh 

.. 6. 

45. 

15 

9f 

Motion gentle. 

Yokoeuka 

.. 6. 

45. 

50 

99 


Yamagata 

.. 6. 

45. 

52 

99 

Doors shaken. 

Hikone 

.. 6. 

46. 

37 

99 


Ghoehi . . 

6. 

46. 

60 

99 

Motion gentle. 

Mayebashi . . 

. . 6. 

46. 

54 

99 

r Accompanied by verti' 
leal motion. 

Utsunomiya . . 

.. 6. 

47. 

10 

99 

Motion gentle. 

.Akita . . 

.. 6. 

47. 

20 

99 

Duration long. 

Miyako . . . . 

.. 6. 

49. 

2 

99 


Isbinomaki . . 

.. 6. 

51. 

42 

99 

Houses shaken. 


The P.T., whose duration was 16s, consisted of small quick vibrs 
turns. 

Tbe FJP., whose duration was about 4m, began with two well definec 
sknr Tibrationa, whose average period was 8,5s and whose 2a was 0,6 mo 
ia esidi oomponont. These were superposed with quick small moremeuti 



HOBIZONTAL PENSULUK . ^MBXSVATIONB OF iaLSnBMKrAStBB, 

(0,3 mm in each component) which ceased to exist at Im 40s- attUt '&afb 
commencement of the earthquake. Then there aj^ared a new 
10 lai^ well defined vibrations, which together lasted for Im Os and 
an average period of 6,0s ; the max. 2a being 0,6 mm in the "EW Ofi 
mm in the NS component. For the next Im 21s, there were 25 
vibrations of an average period of 3,28 ; the max. 2a being 0,32 mm 'in 
the EW and 0,25 mm in the NS component. 

The E.P. The motion consisted of regular vibrations, whose averags 
period was about 7,08. The end was confused by P.O. 

P.O. P.O. existed both on the 25th and 26th. The amplitude 
remained nearly constant, on the whole ; the period was however g^raduall^ 
lengthened with time. The max. 2a was 0,15 mm in each oomponentt, 
The average period was as follows : — 

7,38 (on the 26th, morning) ; 

4.0 ( „ 25th, „ ). 

jKqJi'e Ko. 12iS. April 15th 1899 ; Oh 40m 26s a.m. 

Total duration = 7m. 

Observations at Meteorological Observ’atories : — 


Mito Oh 4lm 17s a.m. Slight. 

Tokyo 0. 41. 45 „ 

Choahi 0. 59. 11 (?) 


The P.T. lasted for Im 28. 

The P.P. consisted for the first 388 of small quick -vibrations super- 
posed on waves of an average period of 4,8 b. Then followed the gpxmp 
of the most active vibrations of an average period of 3,4s ; the max. 2a 
being 0,04 mm in the EW and 0,05 mm in the NS component. 

The E.P. Towards the end the average period was 3,48. 

P.O. There existed very sUght traces of P.O. The average period, 
. measured on the morning of the 14th, was 3,78. 

Eqlcc No. 174. August 1st 1899 ; 9h 39m 57 b a.m. 

Total duration = 6m. 




^ t 


, OteannliaM at MetewolQgtta! Ob ae rf at oriae,: — 


liilo . .. 

SuMgae 
IHmKnnija . . 
Ifaebaahi 
Tokyo . . 
Tokobama . . 
FokoaliiiDa . . 


9h 89m Oa a.m. Weak. 

9. 88. 0 Sl^ht 

9. 88. 80 

9. 38. 63 

9. 38. 66 

9. 38. 66 

9. 39. 10 


/Aooompanled by ▼erUoal 
(motion; hoaaea abaken. 
Motion qniok. 

f* 

Motion gentle. 

Motion quick. 


Hm P.T. laated for Ts. 

Tbe P.P., 'wboee duration ma 65s, consisted of small quick vibra- 
tions, the motion commencing vith tbe max. 2a of 0,15 mm in the £W and 
0,13 mm in the £S component. In the former component the amplitude 
nmained nearly constant for about 25s ; but in the NS component there 
ifaB a second max. 2a of 0,17 mm at 6s after the first maximum. 


Eqhe No. f75. August 3rd 1899; Ih 34m 62s a.m. 

Total duration = 10m. 

Observations at Meteorological Observatories : — 

A 

/ Motion quick ; acoom- 


MHo .. .. 

Ih 34m 46s a.m. 

Weak. 

Jpauied by vertical move- 






(ments; houses shaken. 

Matsuyama . . 

.. 1. 

31. 

30 

Slight. 

Motion quick. 

Matsumoto . . 

.. 1. 

32. 

18 

99 


Miyako. . 

.. 1. 

34. 

9 

99 


Maebaahi 

.. 1. 

35. 

1 

99 

Motion gentle. 

Tokyo . . 

.. 1. 

35. 

5 

99 


Yokohama . . 

.. 1. 

36. 

11 

91 


Pnlmshima . . 

. . 1. 

36. 

14 

99 

(Motion quick ; doors 
(shaken. 

Kumagae 

. 1. 

35. 

18 

99 

Motion quick. 

Xfisanomiya 

.. 1. 

35. 

38 

99 


CamsU .. .. 

.. 1. 

40. 

26 

99 




HOBizoiiTAL TmnmiOJt 0Bn8TAXR}Rs OF atlsrilgKT^KiB. |3N 

The F.T. lasted for 17s. In the NS eompoaent the enqiiUWhi ip* 
mained nearly uniform. But in the EW compan«st tlieTe warn an ahvK^ 
increase of amplitude at 8s from the eommenoement. ' 

The F.P., whose duration was 45b, consisted of small quick eihank 
tions ; the max. 2a being 0,18 mm in tne EW and 0,14 mm in the 
component. 

The E.F. At first the motion consisted of Tibrations of an avamip 
period of 2,8s, superposed on traces of slower ones. Towards the end the 
Tibrations were regular and had an average period of 5,0s. 


E^ke No. 178. August 5th 1899 ; 9h 18m 53s a.m. 
Total duration = 8m. 

Observations at Meteorological Observatories : — 


Mito.. .. 

9h 18m 43s a.m. 

Weak. 

[Motion quick; aooom- 
Ipanied by vertical move- 

Utsunomiya 

.. 9. 

19. 

0 


( ments ; houses shaken. 
Motion quick. 

Ishinomaki 

.. 9. 

12. 

40 (?) 

Shght. 


Ohoshi 

.. 9. 

IS. 

26 

5* 

Motion gentle. 

Fukusliima 

.. 9. 

18. 

53 

9» 


Kumagae 

.. 9. 

19. 

1 

99 


Tokyo 

.. 9. 

19. 

19 

99 



The F.T., whose duration was 26s, consisted of small quick vibra- 
tions. 

The F.F., whose duration was 40s, began with the max. 2a of 0,1 mm 
in the EW and 0,05 mm in the NS component. The period was very 
abort. 

The E.F. The average period was 3,38, there being also tipaces of 
still quicker vibrations. 

F.O. The max. 2a was very short. The average pmnod was . 



jf. oanMa. 


iiS* Augwi ISth 1899; 8h Om 28 |».iu. 
Uglal diiniitcn=4m. 

Ofaaenwiiaos at Meleorologioal OtMervatorieB : 


Hbkjo . . 8h Om 
9fito .. .. 8. 0. 

Fbknaluina . . 8. 1. 


16s p.m. 

Slight. 

56 

Weak. 

36 

Slight. 


Motion quick : hooBca 
shaken. 

Honaes ahakeii. 


(KS component). 

The P.T. lasted for los. 

The PJP. b^au with a well defined motion towards S ; the counter 
diqJacement (max.) being 0,07 mm, directed towards N. 

The £W component diagram was oliscnred b}- the superposition of 


Bgke No, 204. September 27th 1899 ; lli 57m 39s a.ir 
Total duration=4m 30s. 

Observations at Meteorological Observatories : — 


Ptounomiya . . 

Ih 57m 208 a.m. 

Weak. 

Motion 

gentle. 




1 

1 Motion 

quick ; acoom 

Mito 

1. 57. 

35 

\ 

panied 

by v'ertical move 




1 

[ments ; 

houses sliaken. 

Choshi 

1. 57. 

43 

Slight. 



Ishinomaki 

1. 57. 

59 





The P.T. lasted for 7s. 

The PJP.y whose duration was 20s, consisted of quick vibrations. Thi 
max. 2a was 0,15 mm in the EW and 0,08 mm in the NS component. 

No. 209, October 3rd 1899 ; 6h 28m Ss p.m. 

Total duration = about 6m. 

ObservationB at Meteorologioal Observatories : — 



HOBIZOllTAL PEKDULUX OBUE^ATIONS OV aUjBfQKTiSaa 


Fnkushima 6h 27m 19s p.m. Slight. HiodieB shAeiti 

liito 6. 27. 38 „ Doors shakmt, 

Tokyo 6. 28. 19 


Utsnnomiya 6. 28. 30 „ Motion gentie 

The F.T. lasted for about 6s. 

The P.P. consisted of very small quick vibrstions. The max. 2a was 
0,04 mm in the EW and 0,03 mm in the NS component and oeataxeA 
towards the end of this epoch. 

The E.P. The average period was about 8,3s. 

JEqke Ko. 215. October 10th 1899 ; 6h 47m 268 p.m. 

Total duration = 3m. 

Observations at Meteorolc^ical Observatories : — 


Mito 6h 47m 17s p.m. Weak. Duration’iong. 

Utsunomiya 6. 47. 23 „ Motion quick. 

Tokyo 6. 47. 43 SUght 

Eumagae 6. 47. 49 „ Motion quick. 

Eukushiina 0. 51. 18 „ Houses shaken. 


The P.T., whose duration was 23s, consisted of very sm^ quid 
vibrations. 

The P.P., whose duration was 25s, began with a motion direotec 
towards NE ; the counter displacement (max.) being 0,12 mm towards 
and 0,14 mm towards S. The average period of the most active vibratiom 
was about 6,5s, there being also traces of small quicker ones. In the ElTf 
component the amplitude remained nearly constant. But in the NS com- 
ponent, there were three distinct maximum groups of vibrations witl 
nearly an equal range of motion, of which the two last began respective]^ 
at 4,7s and 7,3s after the first. 

The E.P. The average j>eriod was 1,9s. 


Hqlee No. 242. December 20th 1899 ; lOh 46m 29s a.m. 
Total duration = 13m. 



OlMirvMlMns at Meteoatologioal Obaaryatortea 


miu .. .. 

lOh 4Gm 45s a.m. 

Weak. 

rAooompanied by verlkal 

Yclmhama 

10. 

48. 

6 


(motion ; honaes ahakoL 
Motion quick. 

Uhinomaki . . 

10. 

46. 

5 

Slight. 


Kumagae 

10. 

47. 

15 

>* 


Kcfn .. . 

10. 

47. 

37 • 

»• 

Motion gentle. 

Tol^ . . 

10. 

47. 

52 


Motion quick. 

Ifaehiwhi 

10. 

49. 

1 

>» 


Fukushima . . 

10. 

42. 

25 

»* 

Houses sliakeii. 

Mijako 

10. 

48. 

27 



Akita 

10. 

57. 

45 




Tlie whoee duration was 24s, consisted of small quick ribrations. 
Tli».P.P. began with two small vibrations. The 3rd vibration was 
faie maximnm (abs.), its 2a being 0,17 mm in the £W and 0,44 mm in the 
KB ocMnponent. The motion was quick-perioded during the first Im 35s» 
tlie aveiage period being 1,5s. 

The B.P. Towards the end the average period was 4,1s. 

No, Z46. December 31st 1899 ; 9h 40m 17s n.m. 

Total dnration=3|m. 

ObservatianB at Meteorological Observatories : — 


Maeboshi . . 9h 40m 4s a.m. Slight. 

Utsunomiya . . 9. 40. 6 „ 

Kofu 9. 40. 28 „ Motion gentle. 

Idiinomaki . . 9. 41. 28 „ Duration short, 

lida 9. 46. 20 

Faknshima 9. 60. 14 „ Motion gentle. 


The duration of the P.T. was uncertain, on account of the existence 
ofP.O. 

(KS oompouent). 

The P.P. began with the max. 2a of 0,3 mm. 



HOBIZOKTAL FENIOTLUX OBSBrf^ATIQNa ’XAlTlmsauaBI. 


The EW oompqpeiit diagram was lost, as the earthquake tuw plaM 
daring the change of the record-receiTer. 

P.O. The P.O., 'whose max. 2a was 0,2 mm in each oompcmeni, was 
active on the 30th, but lessened very mnch befrare i^e oixnmence of tfaS 
earthquake. The average period was 5,0 b. 



m 


9 . "OMDBL 


GROUP V. — Earthqmahu whidi origtncUed off' the southern 
' coast of' Honshiu (Main IsUoid). 


Eqhe No. 99. March 7th 1899 ; 9h 55in 298 a.m. 

Total doration=ljh. 

This was a large earthquake, whose total land area of disturbance was 
about 240,(K)0 square km. and whose origin was situatinl off the south- 
eastern coast of the province of Kii, at about long. 136^ 26' E and lat. 
83^ 45' The shock wa.H most strongly felt in the iniildle and sonthcru 
partq^of.ihe province of Yamato and in the easb'vn part f>f the province of 
|S[ii, where, amongst others, numerous land-slips took plac(>, killing a few 
and wounding a great many people. In the city of Osaka sonic brick 
buildings were damaged and a few small chimneys were bmken. 

Observations at Meteorological Observatories 

[Motion (piick and accoiu- 


Nagc^a . . 

Gifu 

9h Sim 35s a.m. 

9. 51. 19 

Strong. • 

tt 

panied by vertical move- 
ments ; houses sliaken. 
Accompanied by vertical 

1 motion ; houses shaken. 

Kobe 

9. 

54 . 

50 

»• 

Pendulum clocks stopped. 
Accompanied by vertical 

Kyoto 

9. 

65 . 

1 

ff 

motion ; pendulum clocks 
stopped. 

Tokushima 

9. 

55 . 

46 

ft 

.Accompanied by vertical 
(motion ; houses shaken. 
'Accompanied by vertical 

Tsn 

9. 

56. 

28 

ft 

1 

motion; pendulum clocks 
stopped ; followed by after* 
^shocks. 



HOBIZONTAL 1>EN1>X}J<I7]C OBSEBVATIOK8 OF KAmSQUAKU. iM 

Motion quick, aaeaimffmma. 


Osaka 

9h 56m 36s 

a.m. Strong. 

jby vertioal movements j 





1 

[quids overflowed. 

Motion qiuck-, accompanfiafl 

Hikoue . . 

10. 

0. 

0 

1 

by vertical movements-) . 
houses shaken. 

X^dulum clocks stopped; 

Harnaiuatsu . . 

9. 

64. 

40 

Bather strong.- 

followed by after-shocks. 

Sakai (in Hoki) 

9. 

65. 

18 

Strong. 

Houses slrnken. 

Motion quick ; verticat mo* 

Yagi . . . . 

9. 

57. 

47 

M 

1 

tion strongly felt ; waQs 
cracked. 

Wajiraa . . 

9. 

58. 

10 

99 

Houses shaken. 

Wakayama 

10. 

6. 

0 

99 

Pendulum clocks stopped*^ 
'Accompanied by vertical 
motion and earthquake 

Tadotsu 

0. 

57. 

35 

Bather strong.- 

* 

sound ; pendulum clocks 
^ stopped. 

Motion quick; accompanied 

Fukui 

9. 

54. 

0 

Weak. 

by vortical motion ; pen- 
dulum clocks stopped. 

Yokohama 

9. 

54. 

58 

99 

Duration long. 

Nagatsuro 

9. 

54. 

30 

99 

Houses shaken. 

Fushiki . . 

9. 

65. 

0 

99 

1 

Motion quick ; accompanied 

Kof u . . . . 

9. 

65. 

31 

1 

by vertical movements ; 
houses i^iaken. 

Kochi 

9. 

57. 

44 

99 

Doors shaken. 

Motion quick ; acoonr^^anied 
vertieal moveflaeatia^ 
houses shaken^ - 

Kda 

9. 

63. 

24 

99 ■ 

■■■1 



Motian quick ; Moompanied 


Ofa^aasa 

lOhOm 

5Ua a.m. 

Weak. 

by vertioal moTemeiils ; 


9. 

64. 

61 

tt 

pendulum docks stopped. 
Dniation long. 

Kagsao . . . . 

9. 

55. 

1 

ts 


Kumagae 

9. 

55. 

36 

ft 

Motion gentle. 

Kanarawa 

9. 

67. 

0 . 

*• 

Pendulum clocks stopped. 

TTiurMihim*. 

9. 

59. 

0 

*• 

Motion gentle. 

Oita 

9. 

59. 

20 

ft 

Doors shaken. 

Numaan 

9. 

52. 

48 

99 

Pendnlnm clocks stopped. 

Knre 

9. 

55. 

26 

Slight. 

Motion gentle. 

Tokyo . . . . 

9. 

55. 

29 

99 

99 

Mito .. .. 

9. 

56. 

20 


rOnly iustrumentallj re- 

Ifayebashi . . 

9. 

56. 

25 

99 

Igistered. 

Motion gentle. 

Choshi . . 

9. 

56. 

41 

99 

99 

Imgahaza 

9. 

57. 

0 

99 

9* 

Kagoshima 

9. 

59. 

0 

ft 

*9 

Oshima . . 

9. 

59. 

11 

fV 

9 * 

f 

1 

10. 

0. 

15 

99 

(Motion quick, accompanied 

Vuknoka 

9. 

57. 

13 

99 

(by vertical motion. 

Saga 

10. 

0. 

0 

Weak. 

Duration long. 

Matsi^ama . . 

10. 

0. 

30 

Slight. 


Kumamoto . . 

10. 

1. 

26 

ff 

Duration long. 

Hamamatsu . . 

10. 

1. 

20 

• • 


(EW oomponent). 






The earthquake begau with a displacement of 0,2 mm towards E, the 
ecnuiter'iiioticm being 0,45 mm towards W. The second and third undula- 
tions were as follows : — 


wave.) 1st displacement 0,7 mm towards E, counter displaoeme^ 
1,85 mm towards W ; period 13,7 sec. 



HOBIZONTAL I'Bin>in:.UK .OMIB^jU^Oin or SAB19BNltrABm 


(3xd wave.) lai displaoexaent 3,66 mm towards E, ooonier d^plaBsattwlI 
4,16 mm towards W ; period 17,8s. 

These three undulations tc^ther occupied 46,7s and maj be taken as tits 
F.T. Then larger and quicker motion b^an to appear, the fixat 
Tibrations givii^ an average period of 9,4s. Then the max. Sadli]^^ 
mm, (period 9,4s) took place. The subsequent motion was mu<di 
and complex owing to the appearance of slow undulations of an averai^s 
period of 33s. Superposed on these latter there were vibrations of aa 
average period of 7,5s. The P.P. lasted for 6m 44s. 

The E.P. The average period, deduced from 8 successive groups ioC 
50 vibrations, was as follows : — 

6,5s (at the commencement) 

7.0 
7,9 

8.0 
8,5 
9,0 
8,8 

8,7 (towards the end) 

For two minutes at the commencement of the earthquake there were 
also traces of quick small vibrations, whose principal average x>eriod wae 
about 2,3s. 

(NS component). 

The NS component diagram was imperfect as the earthquake too) 
place during the change of the record-receiver. 



Eqhe No. 100. March 7th 1899 ; 3h 42m 60s p.m. 
Duration = 9m. 

Observations at Meteorological Observatories : — 


Tku . , 3h 40m 25s p.m. 


Weak. 


Afieompanied vmHb* 


|Aeeomp 

(motieii. 



m 




F. OMDBL 



.'liit. 

3h 48m 378 p.m. 

Weak. 

Aooompanied by vertical 
motion; boimea diaken. 

SBOuuu. 

3. 

15. 

5 

Slight. 



Wakayama. 

3. 

40. 

20 

•• 1 

Accompanied by 
motion. 

vertical 


3. 

40. 

49 




Kofu 

3. 

40. 

58 

>* 




3. 

41. 

0 


Motion quick. 


Kyoto 

3. 

41. 

29 

ft 



Nagoya . . 

3. 

41. 

30 


Motion gentle. 


Mataamoto. 

3. 

41. 

38 

%t 



Nagano . . 

3. 

41. 

54 

«« 



Tadotsn .. 

3. 

44. 

17 


Motion gentle. 


Foshiki . . 

3. 

48. 

37 

tv 



QQolciiahima. 

3. 

4. 

0 

9» 




The P.T. lasted for Im 21s. During the first 24 k, whicli may pro- 
ImOiIj be taken as the 1st P.T., the motion was very small. Daring the 
zemainder of this epoch, the motion consisted of vibrations of an average 
period of G,4s, superposed with quicker ones of an average period of 2 ,Gh, 
which latter waves became more promiurnt towards the end. 

The PJ?. began with the maximum group of vibrations of an average 
pepod of 7,0s, superposed with small quick vibrations of an average period 
of 2,68. The max. 2a was 0,09 mm in the EW and 0,07 mm in the NE 
component. 

The E.P. was obscured by P.O. 

P.O. The average period, measured 3 hours after the earthquake, 

was 6 , 48 , 

Bqht No. 119. April 6th 1899 ; 8h 30m 22s a.m. 

Total duration = about 19m. 

'' ^Rus'.was-js small earthquake at some distance and was felt as a slight 
ahook ilmnig^ioat a. Taihei large area, which extends freun the province of 



HOBIZONTAL PEND^DH .OBSBBTATIONS 07 WiCnilQVAXBB. OR 

Bikuzen on tlie north to the provinoes of Echizen, Bizen jMed iBfi^ 

the tsouth-west. 






Observations at Meteorological Observatories 

Oifu . . . . 

8h 25m Is a.m. 

Slight. 


Tagi 

8. 

25. 

30 

9f 


Okajama 

8. 

27. 

00 

99 


Wakayama . . 

8. 

27. 

50 

19 

Motion gentle. 

Tsu 

8. 

28. 

17 

99 

Duration long. 

Fukui 

8. 

28. 

57 

99 


Fukusliima . . 

8. 

29. 

19 

99 


Tadotsu 

8, 

29. 

24 

99 


Osaka . . 

8. 

29. 

32 

99 

Motion gentle. 

Maebiishi 

8. 

30. 

3 

11 


Yokoluima 

8. 

30. 

8 

99 

Motion gentle. 

Kmnagao 

8. 

80. 

12 

99 


Nagano . 

8. 

30. 

20 

99 


Tokyo 

8. 

30. 

22 

99 


Mito . . . . 

8. 

30. 

25 

99 


Kofu 

8. 

30. 

58 

99 

Motion gentle. 

Kobe 

8. 

33. 

00 

99 


Ishiuomaki . . 

8. 

33. 

6 


1 Accompanied by sound ; li- 






1 quids overflowed. 

Choslii . . 

8. 

33. 

8 

99 


Utsunomiya . . 

8. 

42. 

00 

99 


The P.T., 

whose duration was 49s in 

the EW and 46s in the NS 

<3omponent, consisted of vibrations of an 

average period of 7,7s; the 

maximum motion of 0,2 

mm in the £W and 0,14 mm in the NS directioa 

occurring at the very 

beginning of the earthquake. There were alao 

traces of quick small vibrations of 

an average period of 2,2s, whose max. 

'2a 'was 0,25 mm in 

each component. 


The P.P., whose duration was 

7^m, began with the max. (Sibs.) Sa ttf 

i),42 mm in the EW and 0,32 mm 

in the NS compcment, wii^ a inriiod of 



VpS. After Im tl«tt mppmnd irall darned wares ci sn sivenige 
|Wl^ |i of TjBs, whoee giealeet moUon was 0,86 mm in the EW and 0,29 
me in tbs KS oomponent. — ^In the esriier pert of this epodh the moticm 
was snpeipoeed with small qnidc ribrations of ao average period of 2,6b. 
The EwP. was oonfosed by P.O. 



HORIZONTAL PENDQLUy (mUBBVATlON^ OF XAB3rBQirAXB|» 


GKOUP VI . — Earthqualces tchich originated i'l tlte Island c^‘ 
Kim/dit or off it* cndern roast. 


Egkr X(/. 12. August 10th 1898 ; lOh Oni oOs p.m. 

Total duvatiou= about 9^m. 

Tlie uieixoseismal area, in u'hicli buildings were damaged, landslips 
pioduced, etc., was a limited portion of the west of the province of Chikn^ 
zen (in the iioi-them part of Kiusliiu) about 900 km W8W of Tokyo. 
(Ibservntiona at Meteorological Observatories : — 


I’likuoka 

9h 57m 31s p.m. 

Strong. 

Tzugaliara. . 

9. 

30. 

30 

Weak. 

Sakai (in Hoki ) 

9. 

55. 

28 


Kumamoto 


55. 

39 


Akamagaseki . . 

9. 

57. 

50 


Saga 

9. 

58. 

50 

Slight. 

Miyaztiki 




>> 

Matsuyama 

9. 

57. 

0 

ft 

Oita 

9. 

57. 

7 

ff 

Tadotsu 

9. 

57. 

47 



The P.T. lasted for alnmt 228 and consisted of vibrations of an 
average period of 3,7s. The beginning was, however, not well defined and 
a portion of the P.T. was probably lost. 

The P.P. Tlie max. 2a was 0,15 mm in each component, the average 
l)eriod being 7,2s. 

The E.P. The average period w’as 3,7s. 

Eqke No. 14. August 12th 1896 ; 8h 38m 42s a.n 
Total duration = about 30m. 



r. oMoxi. 


Sbi* ^**^"**"‘^ originated appiozimnlely in the same locality aa, 
%At simoger than, the preceding one. 

mMerratiouB at Meteorological Obaerraftories : — 


Bhgfc 

.. 8h 

34m 

29s a.ro. 

. Strcmg. 

VUcnoka . . 

.. 8. 

35. 

34 


fiasebo 

.. 8. 

36. 

26 

at 

Akamagaseki . . 

.. 8. 

36.- 

8 

Weak. 

Sakai (in Hoki> 

.. 8. 

34. 

49 

t* 

Oita 

.. 8. 

36. 

12 


Kumamoto 

.. 8. 

36. 

25 


Tangahara 

. . 8. 

36. 

13 

Slight. 

Tadotan . . 

.. 8. 

36. 

55 


Fukni 

.. 8. 

38. 

15 

t* 


The P.T. laated for 122s. The average i^riotl was 3,7s. 

The P.P. began with 15 well defined vibrations of an aveitige [>eriod 
of 3,78, whose nmx. 2a was 0,2 mm in the EW and 0,1 mm in the KS com- 
ponent. Then followed 30 slower waves of an average i>eriod of T.Os, 
whose max. 2a was 0,4 mm in the EW and 0,2 mm in the NS component. 

The E.P. The average jwriod deduced from two successive groups of 
flO Tibmtions taken at the end was as follows : — 

1 ((jeueral mean) 

8,1 I 7,6s. 

No. 66. December 4th 1893 ; Ih 45m 32s a.m. 

Total duration = about 19m. 

The eaitlAiuake w'as felt strongly in the northern part of Eiushiu, the 
epicentre being at about long. 139° E and lat. 33° N. 

Obaervations at Meteorological Observatories : — 

Motion quick, accompanied 
Oita . . . . Ill 44m 26s a.m. Strong. by vertical movemmats ; 

(pendulum olooka stopped. 



HOBIZOKTAIi PENl^Uli;, QBSERVATIONg OF XARmjCTAKBXt 


Saga . . . . 

Ih 35m 38s a.m. 

Strong. 

Duration long. 






Motion quick, acoom^Saied 

Kumamoto . . 

1. 

49. 

27 

9t 

by Torlioal moveiumts; 
houses shaken. 

Hiroshima 

1. 

44. 

00 

Weak. 

Motion gentle. 

'Accompanied by yertioai 

Miyazjiki 

1. 

44. 

00 

.. 

motion ^ pendulum docks 
stopped. 

Kagoshima . . 

1. 

45. 

3 


Houses shaken. 





1 

Motion quick, accompanied 

Fukuoka 

1. 

45. 

20 

,, 1 

by vertical motion ; Inxises 
shaken. 

Tadotsu 

1. 

45. 

27 

1 

1 

Accompanied by sound ; 
houses shaken. 

Koelii . . 

1. 

45. 

40 

99 

Houses shaken. 

Kure . . 

1. 

46. 

0 


Duration long. 

Akamagaseki. 

1. 

46. 

26 

99 

Duration short. 

Osaka . . 

1, 

47. 

33 

99 

Duration long. 

Matsuyama . , 

1. 

49. 

50 

99 

Houses sliaken. 

Fukui . . 

1. 

45. 

27 

Slight. 


Tbu . . . . 

1. 

46. 

25 

99 


Sakai 

1. 

45. 

30 

99 

Motion gentle. 

Yagi . . . . 

1. 

46. 

48 

99 

99 

Uamada 

1. 

47. 

0 

j 

Motion quick, accompanied 

1 

by vertical movements. 

> 

Nagasaki 

1. 

50. 

16 

99 

Duration long. 

Okayama 

1. 

52. 

4 

99 


Tokyo . . . . 

1. 

67 . 

0 

99 


(NS component). 






The P.T. The beginnwg axid end of the diagram were obsc^i^ hjf 
small and quick P.O., whose max. 2a was 0,04 mm and whose aTessge 
period was 4,4s (measured immediately before the earthquake). The 



F. OMOm. , 


4 livll|bB of tlw P.T. WMB about Im S4a. Towards the end tliere were 
distinct wares cS an average period of 8,28. 

T%e P.P. whose duration was about 9ni began w'ith 7 oscillationH of 
an arerage period of 9,38 ; of these the 4th was Uie (alts.) maximum, its 
Sa being 1,0 mm. For the next Im 11s predominating wares had an 
arerage period of 4,48, the max. 2a of 0,55 mm ooeurriug at 3m 20 b from 
the commencement cd the earthquake. For the next 7m 50s tlie motion 
was more or less actire, consisting itsseutiallr of wares of an average 
period of 8,5 r. 

Hie £P. The arerage period was 7.5s. 


(EW ocnnpcment). 

The P.T. lasted for about 112s. Theie were ti-aces of vibrntioiis oj 
an arerage period of 9,0s. 

The P.P., whose duration was about 9m 18 k, liegau with viltratious ol 
<an arerage period of 6,5s (max. 2a =0,7 minj, super]x>.sed on slower oiiei 
of an arerage period of 9,4s (max. 2a=0,55 rain), lu the sn1>Hequeut pari 
the predominating period was 7,7s. 

The E.P. The average period was about 8,0s. 


EqJx Ko. 112. March 24th 1899 ; Ih 2m 35s p.ui. 

Total duration = Ih 9m. 

The earthquake was felt strongly in the eastern lialf of Kiushu, tlu 
msgin being, probably situated off its eastern coast, at about lougitudi 
IS^Eandlat. 32° N. 

Obserrations at Meteorological Observatories : — 


Miyazaki 

Ih Om Os p.m. 

Strong. 1 

'Motion quick, accompaniei 
by vertical moreraents 

Kagoshima 

1. 

0. 

35 

9* 

[houses shaken. 

^Otta.. .. 

1. 

0. 

47 

1 

»> 

Accompanied by sound am 
vertical motion; pendulnn 





1 

.docks stopped. 



HORIZONTAL PRNDULUH OBSWATIONS OF SiarTER)FAX|EB. 


m 


Tokushima 

Oh 57m 308 n.m. 

Weak. \ 

Motion quick, 

Kumamoto 

1. 0. 

.a 

51 

1 

by vertical movemenk^ 
Motion quick, aeoqiiqpw^ 
by vertical moveaMsilsj 

Tadotsu . . 

1. 1. 

22 

)) 

houses sliaken. 

>9 99 

Fukuoka . . 

1. 1. 

25 

99 

Houses shaken. 

Akamagaseki . . 

1. 1. 

33 

99 

Accompanied by vertical 

Hiroshima 

1. 2. 

0 

«* 

motion. 

Duration long. 

Sakai 

1. 3. 

15 

99 

Motion gentle. 

Nagasaki . . 

1. 3. 

44 

9 ^ 

Duration long. 

Osliinia . . 

1. 4. 

20 

99 

99 99 

Tsu 

0. 57. 

35 

Slight.' 


Fukui 

0.69. 

59 

99 

Duration long. 

Osaka 

1. 0. 

6 

99 

99 99 

Saga 

1. 0. 

13 

99 

99 99 

Wakayama 

1. 1. 

2 

99 

Motion gentle. 

Kochi 

1. 1. 

36 

99 

99 99 

Yagi 

1. 1. 

40 

99 

Duration long. 

Kure 

1. 1. 

45 

99 

Motion gentle. 

Matsuyama 

1. 2. 

10 

99 


Nagano 

1. 2. 

35 

99 


Kj'oto 

1. 2. 

45 

99 


Izugahara 

1. 2. 

60 

99 


Nagoya . . . . 

1. 2. 

50 

99 

1 Accompanied by vertical 
Imolipn. 

Gifu 

1. 2. 

54 

99 

Motion gentle. * 

Okayama 

1. 3. 

33 

99 

99 99 

Tokyo 

1. 4. 

67 

99 



(NS component). 

The F.Tm which lasted for 2m 2s. oonsisted of smau qmoK ninwi^ 





F. OMOm. 

J? 


flf infc antmgB psrioci ol 2,48. Dnriiig the kst 44<i, however, whioli may 
pni^My %• taken as the 2Dd P.T., there were huger vibrations of an 
anmi^ period of 3,7s. Thronghoot this epoch there were well defined 
toMMa of slower waves of an average period of 8,4 h. 

The PJ*., whose dnraticm was about 15m, liegau with nine regular 
well pronoonoed vibrations (max. 2a =0,9 mm) lasting together for Im 218 
and having an average period of 98. For the next Im 398, the motion 
oonsisted of slow undulations of an average period of 16,5s, the max. (abs.) 
2a being 1,3 mm. I'he motion remained small during the next 2m 12s, 
and then took place two conspicuous undulations (2a =0,6 mm) of an 
average period of 15,5s. After this the motion showed a series of alterna- 
tiooB of max. and min. groups, the average interval lietwecu successive 
maxima being Im. Towards the end, the average period was 9,98. 

The E3*. The average period, deduced from two successive gioujm 
of 50 vibrati(niB, was as follows : — 


I (€leneral mean) 

8,6 ) 8 , 88 . 


(EW component). 

The P.T. lasted for Im 408. The principal average j>erioil wjis at 
first 2,9 b, but towards the end 8,88. 

Then P.P. began with two slow undulations of an average i)eriod of 
26,58, of which the first had a max. 2a of 1,2 mm. Superposed on these 
tibere were well defined waves (max. 2a =0,8 nun) of an average ])eriod 
of 8,4 b. 


Eqhe» Nog. 236 and 237 1 ,. November 25th 1899 ; 3h 45m 24s a.m. and 3h 
58m 48 b a.m. 

Total duration =2h 13m. 

The first of these two earthquakes was the greatest which shook 
Kinshiu in recent years. In the two provinces of Bungo and Hiuga a 
lew honsea were overthxowm and the ground wras slightly cracked. The 
ot^in was probably inland, at about long. 13P^ £ and lat. 82°'f -N. 



HOBIZOKTAL PEBODLtrH 4>B8BBT^TIONS OF EjaEKTHgtTAXSB. 



Ojbsen'ations at Meteorological Observatories : — 


Oita . . . . 

3h 43m 4s a.m. 

Strong. 

Houses damaged ; foliphiKd 
by i^nur shocks. 





'Motion quick, aooompanied 

Kumamoto 

3. 43. 

29 


by vertical n^ovemenk ; 
houses shaken. 

Haga 

3. 46. 

12 (?) 



"Miyazaki 

3. 43. 

4 

yy 

Walls cracked ; followed 
by minor shocks. 

Kagoshima 

3. 43. 

21 

yy 

Houses shaken. 

Matsuyama . . 

3. 42. 

12 (?) 

Weak. 


Nagasaki 

3. 44. 

33 


Motion quick ; houses 
shaken. 

Osjika 

3. 45. 

17 


Duration long. 

Fukuoka 

3. 48. 

50 

) 

Accompanied by vertical 
motion. 

Oshima . . 

3. 41. 

0 

yy 

Houses shaken. 

Hiroshima 

3. 42. 

20 

yy 


lida 

3. 49. 

20 (?) 

SUglit. 


Kochi 

3. 45. 

38 

yy 


Tokyo . . 

3. 45. 

41 

yy 


Mito 

3. 43. 

20 

yy 


Oita 

3h 55m 7s a.m. 

Strong. 1 

r Motion quick ; houses 

1 sliaken. 

Saga 

3. 56. 

18 (?) 

yy 

fe. 

Kumamoto . . 

3. 54. 

10 

1 

Motion quick, accompanied 

yy 

by vertical movements. 

Fukuoka 

KagoBhima 

3. 50. 

3. 56. 

43 

0 

Weak. - 

yy 

(Accompanied by veitioal 
(motion; houses shak^. 
Houses shaken. 

Osaka . . 

8. 66. 

62 

.yy 

Duration lozig. 



F. OMOBt. 


m 



3h 54in 10b a.m. Slight. 
3. 56. 10 


( Aooompaiiied by YerUoal 
I motion. 

Hoaneo shaken. 


The earUiqaake was recorded by the nsnal EW (^-machine) and the 
KS component ( A-machiue) peudnlums as well as by the la^ long-period 
horiaontal pendulnm (C-machine>. The diagram from the last-named of 
these three pendulums was takeu very satisfactorily and sliall therefore be 
fimt described. 

(EW compcment; O machine). 

The P.T., wliose duration was Im 428, consisted of thirteen vibra- 
trons of an average period of 8,2s, the max. 2a Ijeing 0,5 mm. Tliere 
wexe also some slight traces of rer}' slow undulations. 

The PJ*. began with an abrupt displacement of 2,2 mm towards W. 
Thmi followed a large undulation (a) of period 35,4 h, which consisted of 
the following two moveraents : 

6.4 mm towards E, 

6.5 mm „ W. 


During the nest Im 55s there were six imdulations, giving an averagti 
period of 23s. These slow waves which together lasted for 3m weivt 
superposed with small quick vibrations, apparently continued from the 
P.T. Prom 3h 49m 538, tliat is 4m 38 b after the beginning of the earth- 
quake, quicker waves became prominent ; the motion consisting essentially 
the following two types (1) and (2) : — 

(1) vibrations of an average period of 8,0s whose max. 2a of 2,7 mm 
occurred at hbout 3h 51m Ids. 

4 

(2) undulations of an average period of 17,0 b, whose max. 2a (b) of 
6,4 mm occurred at 3h 49m 25s ; formimg the last but one wave 
of the P.P. or at 2m 288 after the commencement of the P.P. 

The exact omnmenoement of the 2ud earthquake was obscured the 
EP. of the first. The long period maximum undulation, however, began 



HORIZONTAL PHNOHLIW OBSESVATIOIIfi OH «ABa»g|OAkBS:; ,>|ii 


to appear at 3h 58m 39m, that ia ll)n 42a aitef til 

oorresponding wave in the first earthquake; the: (ilnaz,) 2a (a') ixiia* 
mm and the period 31,3s. Then folfowed, six weli defined waves d ett 
average period of 238 ; the slow undulations together Hastily for 3m. The 
absolute max. motion (V) (2a =3,6 mm), whose xieriod was 17,6s, oeonpced 
at 3h 15m 56s, or at 2m 32s after the oommenoement of the PJP. 
the last but one undulation of the P.P. 

The two earthquakes were thus exactly similar to each other; there 
being in each case first a maximum undulation of a very slow pmjcid 
(a, s'), and subsequently another maximum wave (b, b') whose period wa^ 
about half of that of the first. The time inteirals between a and b and 

, ' I 

between a' and b' were respectively 2m 3s and 2m 2s ; while the time 
differences l)etween a and a' and betw'een b and b' were each 11m 35s. 

In the E.P. of the 2nd earthquake the average period was 8^8 
(measured from 80 vibrations). ' 

(NS component). 

The P.T. wliich lasted for 2m 6s and which began with a displace- 
ment of 0,1 mm towards S, consisted at first of small vibrations (max. 2a 
= 1,3 mm) of an average period of 8,28. At 498 from the commencement 
there appeared two well pronounced undulations of an average period of 
23,5 b ; this was followed by a third vibration of a period of 33,3s. 

The P.P. began with an abrupt motion of 1,8 mm towards S, its 
counter motion being 5,2 mm tow’ards N. This was followed by two 
undulations of an average period of 25s, whose max. 2a was 9,6 mm. After 
this, strong pendulum oscillations set in, the pointer having been thrown 
out of the record-receiver. At 5m 30 b from the beginning of the euth- 
quake, the pointer came of itself again on the latter and thereafter record 
was taken till the end of the motion. 

The beginning of the second earthquake was obscured by the proper 
pendulum oscillations in the EJP. of the first earthquake. The maximum 
penddchim motion, however, occurred at 4h Om 46s, that is at abqut 12m 
after the corresponding movement in the first earthquake. Hie aetive 
pendulum oscillations ceased at about 4h 8|m. 




r. omm. 


' Vfal &F. Thft «TangB period, deduoad from twogroaps of 60 ribm> 
at ebook 4h 83m, warn w follows : — 

10,6b I (Qenexel meen) 

10,6 t 10.6a. 

(EW oomponent). 

mbe P.T., which began with a motion 0,2 mm towards W, oonsisted 
at first d Tibrattons of an averago period of 8,3b. At 368 from the oom> 
menoement three pendolnm oacillatious took place. 

Ai Im 48s from the oommenoement there appeared a large nndula- 
tkm (probably mixed in part with the pendulnm oscillation) whose 2a was 
7,9 mm and whose period was 32,5s. The next movement was still larger 
and the pointer was driven out of the record-receiver. After 23m the 
poiuter came back of itself again on the record-receiver. 



HOSIZOKTIL PCRDITUJX. fiMltBVATI<ni8 Of MSKBiQIUnib 


GKOtJP Vn . — EarOtquakes wMck origincded in 
Central Japan. 


Eqhe No. 9. Augost 1st 1898 ; 2h 12m 21s p.m. 
Total duration = 6m 15s. 

Observations at Meteorological Observatoiies : — 


Tsu 

2h 7m 20s p.m. 

Strong. 

Motion gentle. 

Nagoya . . . . 

2. 11. 

58 

Weak. 

j Motion quick, aocompaaoeA. 
(by vertical movements. 

Hikone 

2. 15. 

00 


Houses shaken. 

Gifu 

2. 11. 

39 

Slight. 

Accompanied by sound. 

Fukui 

2. 12. 

00 


Doors shaken. 

Kyoto 

2. 12. 

18 



Osaka 

2. 12. 

11 


Motion gentle. 

Mito 

2. 13. 

51 



Wakayama 

2. 14. 

00 



Kofu 

2. 14. 

05 



Tagi . . . . 

2. 18. 

00 



Tokyo . . 

2.24. 

18 



(NS component). 






The F.T., whose duration was 588, ccmsisted of small quick 'vibok*' 
tions. 


The F.F., whose duration was Im 208, began with well defined 
tions of an average period of 2,1s, superposed on slower ones of an avessgt 
period of about 6,5s. The max. 2a of 0,05 mm ooonired at the ooTnfbenoa- 
mei^ 

(£W component). 

The F.T. lasted for 49 b. 



lElw wImjm danti<Hi was Im SQs, oaosisted of vibiations of mi 
1 mrami pociod of 8,78, saperpoaed of an avonge period of 5,2 h. The 
E. 2a WM 0,09 mm. 

JBfke No. o6. November 13th 1896 ; llh 33m Se a.m. 

Total dnration=13m. 

ObeeiratimtB at Meteorotogical Obaerratories ; — 


Motion qnick, accompanied 


Nagoja . . . . 

llh 32m IGb a.m. 

Strong. • 

bj vertical iiioTemeuts : 





houses slmkeii. 

CKfn 

11. 31. 

33 

•• 1 

Accompiuued by vertical 
motion ; liquids overflowed. 

Tan 

11. 34. 

3.'> 


Houses shaken. 

Hikooe . . 

11. 35. 

10 

♦f 

Pendulum clocks stopped. 

Kofo 

11. 31. 

33 

Weak. 

Accompanied by vertical 
motion ; bouses sliakeu. 

Hamamatan . . 

11. 31. 

40 

»> 

Motion gentle. 

Tagi . . . . 

11. 33. 

9 

•• 1 

Accompanied b}' vertical 
motion ; bouses shaken. 

lida 

11. 32. 

15 

1 

** *» 

Motion quick; accompanied 

Nnmaan 

11 32. 

32 

VI ' 

1 

by vertical movements ; 
articles fell from shelves. 

M joto . . 

11. 32. 

35 



Oaaka . . . . 

11. 33. 

26 

ff 

Houses shaken. 

Mobe 

11. 29. 

30 

Slight. 

Motion quick. 

Vninl . . 

11. 29. 

33 


Duration long. 

'l^Bfadfama . . 

11. 31. 

58 

»f 

Motion gentle. 

^>G3Dijatna 

11. 82. 

0 



Knmagae 

11. 32. 

56 

9f 

Doors shaken. : „ 

Maebadii 

11. 33. 

0 

ff 

Motion gentle. 

ToIto . . . . 

11. 33. 

12 

»9 




HOBtZONTAL .FENlMTliiai <nnBBVATI(»7S OF IWRIHOiDlXiai Iflit 


Mito 

Tadotau . . 
tJtsanomiya . . 
Matsuyama . . 
Matsumoto . . 


llh 33m 32 b a.m. 
11. 33. 46 
11. 33. 47 
11. 35. 11 
11. 35. 20 


Slight. 

,, Motion geutie. 

t 


99 


The P.T., whose duration was 29s, consisted of very small Tibtationa 
of an average period of 2,2s, superposed with still quicker ones. 

The P.P., whose duration was Im 30s, consisted at first of small qui(fic 
vibratimis of an average period of about 1,1b, the initial displaoemeoi^ 
being 0,1 mm towards E and 0,05 mm towards N. After Im Ids there 
appeared 7 well defined slow’er vibrations, which lasted 52,4s and had an 
average period of 7,5s ; the first of the group having the max. (abs.) 2a 
0,46 mm in the EW and 0,50 mm in the NS component. The waves in 
the succeeding portion liad a slightly shorter period. 

The E.P. The average jreriod was 6,6s. 


Eqke So. HI. January 22nd 1899 ; 8h 4m 3s a.m. 
Total duration = 1 3m. 

Observations at Meteorological Observatories : — 


Nagano 

8h 4m 18s a.m. 

Strong. 

Houses shaken. 

Nagoya 

7. 

58. 56 

Weak.’ 1 

Accompanied by vertical 
motion. 

Kyoto 

8. 

4. 16 


- ■ 

Hikone 

8. 

4. 52 

- 1 

Accompanied by vertioal 
motion. 

lida . . 

8. 

5. 10 

99 

Houses shaken. 

Hamamatsu. 

8. 

5. 30 

99 

Moticm quick. 

Maebaslii . . 

8. 

7. 7 

99 

Motion gentle. 

Tsu . . . . 

8. 

8. 50 

99 


Matsttihoto . 

8. 

9. 49 

i 

99 

r Motion quick ; acooin|tanietf 
(by vertical motion. 

Osaka . 

8. 

4. 38 

Slight. 

Motion gentle. 




4m 47a aji 

1. £B4(hl 


pBlo .. . 

8. 

4. 50 

ff 

Motion gentla. 

Nuinani 

a 

4. 56 


Motion quick. 

Tokyo . . 

8. 

4. 59 

•• 


Utsunoiniya . 

8. 

5. 0 


Motion gentle. 

Knmagae 

8. 

5. 10 

ft 


Fukui . . 

8. 

5. 30 . 

ff 

Daration long. 

Tadotsu 

8. 

6. 7 

V* 

Motion gentle. 

Tagi .. . 

8. 

10. 40 



Hie P.T., whose daration was 27s, consisted of quick vibrations of an 
average period of 0,81s, superposed on slight traces of slower waves of an 
average period of 6,5s. The max. 2a was 0,14 mm in the EW and 0,1 mm 
m tile NS oomimnent. 

The F.P., whose duration was 4jm, was especially active during the 
first Ifm. The motion consisted of small quick vibrations superposed on 
waves of an average period of 2,38, whose max. 2a was 0,55 mm in the 
EW and 0,5 mm in the NS component. These latter vibrations were in 
their tom superposed on slow undulations of an average period of 11,78, 
whose max. 2a was 0,55 mm in the EW and 0,6 mm in the NS component. 
Towards the end, the average period was 6,9s. 

The EJP. The average period was 6, Os. 

P.O. There existed minnth P.O. on the 2lBt and on tl^e early mom> 
iag ct the 22nd. These however almost disappeared before the occurrence 
of the earthquake. The average period was as follows : — 

3,9s (on the 2lBt, after-noon) ; 

4,2 (immediately before the earthquake). 


&iSe No. 67. February 6th 1899 ; 4h 7m 54s a.m. 
Total duration— 8m. 

Observations at.lteteorologioal Observatories : — 


4h 7m 4te a.m. ^ Slight. 


.. 4. 8. 18 


(Motion quick ; accompanied 
^by vertical motimi. 


Oifn. 


99 



HOBIZOMTAL FENDULUX OOfflUBVATIOMB OF XIMXBqn^LKM. , "~WSH 


Nagoya . . 

4h 8m 26s a.m 

Slight. 

(Acoompanied 

I motum. 

by 

Tokohama 

.. 4. 

8. 

38 




Fukui 

.. 4. 

8. 

60 




Tokyo 

.. 4. 

9. 

0 




Hikone . . 

.. 4. 

9. 

15 


Duration long. 


Kyoto 

.. 4. 

9. 

35 



. 

lida.. .. 

•4 4. 

10. 

15 


1 Accompanied 
( motion. 

by veitioal 

Nagano . . 

.. 4. 

10. 

60 




Matsuraoto 

. . 4. 

22. 

35 (?) 





Tlie P.T., whose duration was 248, consisted of small quick ribira- 
tions. 

The P.P., whose duration was 2m 3s, began with a motion of 0,1 omn 
in the EW and 0,02 mm in the NS component. For the first 128 the 
motion remained small and consisted of quick vibrations. Then followed 
slower waves of an average period of 7,9s, whose max. 2a was 0,16 mm in 
the EW and 0,10 mm in the NS component. 

The E.F. The principal vibrations had an average period of 6,48, 
there being also traces of others of an average period of 3,3s. 

P.O. There were slight P.O. Th4'max. 2a was 0,03 mm in each 
component and the average period, measured 2hs before the eaitiiquake, 
was 4,6s. 


JEqhe No, 233. November 21st 1899 ; 6h 66m 298 p.m. 
Total duration = 20m. 


Observations at Meteorological Observatories : — 


Tfikayama . . 6h 56m 9s p.m. 
Fnkuflhima . . 6. 66. 40 


Weak. Houses shaken. 

/Motion quick; .dojfws 
” I shaken. 

„ Motion gentle. 


Maebashi 


6. 67. 26 



r. oaou. 



, fAooompaiued by Tertioal 

■iiiwmolo .. 6h 58in 90» p.m. Wnak. j * , , 

Imoiion ; uouaes shaken. 

fidn 6. 59. 55 „ Motion gentle. 

YiniEnshims . . 6. 52. 22 Slight 


Kofii 

6 . 

55. 

45 

Kyoto 

G. 

56. 

8 

Otfn 

6. 

56. 

22. 

Nagoya . . . . 

6 . 

56. 

23 

Nagano . . 


56. 

23 

^Pnkni 

G. 

56. 

37 

Hikone 

G. 

56. 

4U 

Tokyo 

G. 

56. 

49 

NnmaEn . . 

G. 

57. 

4 

Kanaaawa 

6. 

57. 

30 

Mito 

6. 

57. 

32 

Knmagae . . 

G. 

57. 

37 

Yakohama 

G. 

57. 

59 


Houses shaken. 

Dntaiion long. 

Motion genUe. 

Houses shaken. 

Duration long. 

.Motion quick ; accompanied 
< by vortical motion. 

Motion gentle. 


Motion quick. 


(NS component). 

The P.T. ccmmsted of small vibrations of an average yieriod of 2,1s, 
snperposed on slower ones of an average period of 5,8 b. 

The P.P., whose duration' was 2m 40s, began with a few vibrations 
(max. 2a=0,3 mm) whose average period was 2 b. Im Gs later there ap- 
peared 4 nearly equal well defined waves (max. [abs.] 2a=0,8 mm) of an 
average period of 6,8s, wliich together lasted 27,38. In the remaining 
portioa of this epoch the average period was 4,58. 

The B.P. In the earlier portion, the motion consisted of small vibra- 
ti^^ of an average period of 3,3s, superposed on others of an average 
of 7,9s. Towards the end the average period was 6,3s. 

[ISW oomponent). 

The P.T., whose duration was 28s, consisted of small vibratioi^of an 
sver^Be period of 2,8s, snperposed on slower ones oi an average period at 



HOBIZOlfrAL PKNiyULUlC OiiitttVATI(»7S OF mxrmtOAXM^ W 


Tlie P.P., whose doistion wae 4m SOs, consisted for ^ fin4l|b'w 

quick vibrations (max. 2a =0,55 mm) of an average period d! 2,78. 

^ 1*1 

there appeared two slow undulations (2a=0,55 mm) of an aveoaigQ pedbd 
of 10s. These were foUowed by vibrations of an average period of 4^; 
the first of the group having the max. (abs.) 2a of 1,0 mm. Towaxils llis 
end the average period was 5,3 b. 

F.O. There existed slight P.O. The max. 2a was 0,05 mm in Mwh 
component, and the average period was 3,9 r, 



T. amm. 


OROIT* ’nn (»>. — Lotol Etttihqmket oAserpei at 
MOBrcrf flacftt. 


No. 1. July 14lli 1898 ; 71i 8tn 69fi p.m. 

Total danitiao=2}in. 

O b a o nr a UoiMt at Meteorolagical Ohmen'atorifw - 


tJtniDainiya 
Maahaalu . . 
Mito .. . 

Ko(a . . 
Tokyo 
TtdcoBoka . . 
Kaniaipui . . 


7h 8in 50 b p.m. Weak. 

7. 8. 58 Slight. 

7. 8. 33 

I . 8. yy 

7. 8. 50 

7. 9. 0 

7. 9, 50 


Motion quick. 


The P.T. laated for 8b. 

The P.P. lasted for 20b. The max. 2a, which occurred at 4,3h from 
the oommenonment of this epoch, was 0,15 mm in each component. 

The E.P. The average period was 1,9b. 


JS^fe No. 7. July 25th 1898 ; Oh 17m 4s p.m. 

Total duiaticni=llm. 

Observations at Meteorological Observatories : — 


Tokoanka 

Oh 17m 12s p.m. 

Weak. 

Motion quick. 

■ Tokyo 

. . 0. 17. 

13 

if 

ft 

•'ICpkohama 

.. 0. 17. 

47 

ff 

jAccompanied by vertical 
( motion. 


. . 0. 17. 

21 

9f 

Houses shaken. 

*>0*0^ .. 

. . 0. 17. 

22 

SUght. 

Motion gentle. 

UMaauuni . . 

.. 0. 17. 

33. 

ft 

99 


.. 0. 17. 

41 

ft 

ft 



HOBIZOirrAL PENDULUM OBSS^ATIONS OF ]EiiyBrrB4UJUaBi. . 

Utsonomija . . Oh 17m 58s p.m. Slight Motion qiui^.. 

Fnkui 0. 18. 6 

Fnknshima .. 0. 19. 25 „ 

Kuniagae .. 0. 19. 40 (?) „ 

(EW oouipoueut). 

The P.T., whose dumtiou was 11,0s, consisted of vibi'ations 
—0,2 mm) of an average period of 1,4s, superpoeed with stiU qiuckw 
movements. Hie \ery first displacement was directed towards W.' 
amplitude remained nearly constant. 

The P.P. lasted for 57s, the motion being especially active for the 
fiist 23s. The initial displacement was 1 mm and directed towards W*, 
the counter movement (max.) being 1,4 mm towards E. The motion 
sisted essentially of waves of an aveisge period of 1,2s, superposed witii 
still quicker ones. 

The E.P. The motion consisted of vibrations of an avera^ period 
of 1,8s, superposed more or less definitely on slower ones of an average 
period of 4,98. These waves were well defined and not confused by the 
traces of the P.O. which existed to a very slight amount. , 

P.O. The average period was as follows : — 

4,7s (before the earthquake) ; 

4,9 (after „ „ ). 

mean 4,8s. 

The NS component diagi’um was unfortunately rubbed off by mistake 
before varnishing it. 

£!qhe No. 8. July 27th 1898 ; 2h 35m 28 a.m. 

Total duration = 10m. 

Observations at Meteorological Observatories : — 

/ 

Mito 2h 35m 18s a.m. Weak. Hhuses shakeu. 

Utsuuomiya . . 2. 35. 20 „ Motion gentle. . 



Sb 86m 8 b iLm. SU|^ HonaeB shakBsu 

2. 85. 7 „ Motkm gentle, 

a. 85. 80 

2. 85. 31 

The P.T., whose dariiti<m wee 17s, consisted of vibrations of an 
'^•Ten«e period<i'^ls. 

Vie PJP. oooeieted of very email vibrations erf an average period ai 
1,0b, Boperpoaed on others of an average period of abont 2,4s. Tliere were 
nbo femoes of waves of an average period of about 128. Tlie max. 2a was 
0,07 

TRie £.P. The average period was 3,4s. 

(EW oomponent). 

The max. 2a was 0,09 mm. 

Bqhs No, 10, Augost 7th 1899 ; llh 2m 56s p.m. 

Totel durations: 3m. 

Observations at Meteorological Observatories : — 

Mito llh 3m 30s p.m. Slight. Motion quick. 

iKnmagae .... 11. 3. 40 ,, 

Tokyo 11. 3. 46 

Yokosuka 11. 3. 57 „ 

The F.T., whose duration was 148, consisted of very quick small 
vibiatioaB. Ihe amplitude gradually increased towards the end. 

The PJP., whose duration was 25s, began with a well defined motion 
' of 0,1 Twm towards E and 0,05 mm. towards 8, followed by the counter 
disi^aoement of 0,1 mm towards W and 0,08 mm towards N. The motion 
oonhisted (rf quick vibrations, superposed on waves of an average period 
^of abbot 1,48, whose max. 2a was 0,2 mm in the EW and 0,16 mm in the 
IKS <^panent. 

The EJP. The average period was abont 1,28. 

N^*No. 19., August 11th 1^898 ; 5h 40m 39 b p.m. 

This was a small local shook. 


''l||jfkWBlu 


^'TOkyo 

.(I9B oMnpooent). 



HOBIZ(»IXiLL FKNltULITlC OBMU^AITIONS Of SAlSEBQfUlBB. 


Obeervations at Meteoxolqgioal Observatoxiea : — 


Kumagae . . 

6h 40m 46s p.m. 

Weak. j 

[ Motion quick, aocompasie#’? 
Iby vertical vibrations. 

Tokyo 

5. 40. 

47 


Motion quick. 

Yokohama . 

5. 40, 

50 

J- 

[Accompanied by venticMl 
IjQotion. 

Kofu . . 

5. 4t). 

30 


Houses shaken. 

Mito . . 

5, 40. 

52 



Yokosuka . . 

5. 40. 

57 



Utsunomiya . 

5. 41. 

42 


Motion quick. 

Ohoshi 

5. 40. 

30 

Slight. 


Maebatilti . . 

5. 40. 

46 

99 

Motion gentle. 

Fukui t 

5. 41. 

0 

99 


Numazu 

5. 41. 

25 

99 

Duration short. 


Eqkt No, 26. September 4tli 1898 ; 31i 63m 21s p.m. 
Total duration = lm 46s. 

Observations at Meteorological Obsen atories : — 


Mito 3b 62ni 60s p.m. Slight. Motion quick. 

Tokyo 3. 53. 5 

Kumagae . . 3. 63. 9 , „ 


This 'was a very small eaiihquake. The duration of the P.T. 'was 
about 4s. 

Eqke. No. 20. September 6th 1898 ; 4h 47m 368 p.m. 

Total duration =lm SOs. 

Observations at Meteorological Observatories ; — 

Motion quick, aooompaitied 

TVTn i AVMi^tii . . 4h 61m 286 p.m. Strong. • by vertioal xnoTeiu0&tB 

* / 

, houses shaken. 

Slight. 


Kumagae 4. 47. 12 



r. OllOKL 



. Utsanouitva 


4h 47m 2Ss |i.m. Sli§^ MoUan quick. 

4. 47. 27 

iMoiion quick ; fcJloirod br 
•L ' 47. 4*J „ Moticm quick. 


The earthquake took place aioidet a givat Ktonu of P.O. The ooiu- 
lueiioeineut and Hw F.T. wtfre, however, well defiued. 

The P.T. whoee dnratiou waa 7e, oouaiated of very email quick 
▼ibnitkna. 

The P.P. begau with the max. 2a of 0,06 mm iu the NS and 0,13 »»«« 
itt the TSW oompcment. The rest of the motiou wae much smaller. The 
inevailiiig average period was about 0,88. 


Eqke No. 27. September 7th 1898 ; Ih 6m 38e p.m. 
Total duration =488. 

Obeervatimm at Meteorolugical Obsen'atones : — 


Tokyo . . . . 

lb 6m 428 p.in. 

Slight. 

Kumagae 

.. 1. 7. 25 


Kofu 

.. 1. 7. 50 


fokoBuka 

.. 1. 6. 45 

Weak. 


l^is wae a very Hinull shock, the diagium showing merely traces of 
ninute quick vibrations. 


'Sqhe No. 38. September 28th 1898 ; Ih 40m 498 a.m. 
Total duration = 10m. 

. Obeervations at Meteorolugical Observatories : — 


Maebasbi . . Ih 42m Sis a.m. 

Utaunomiya . . 1. 43. 0 
Kumagae .. 1. 57. 15 (?) 


(Accompanied by vertical 
Weak. ■! 

(motion. 

(Motion quick, houaes sha- 
iken. 

Motion quick. 



HOmSEOKTAL VSSSVUUnt OBCBEBTATIOMB OF 


Yokosuka 

.. Ih 

42m 

65b a.m. 

Weak. 

DnratkMi long. 

Tokyo .. 

.. 1. 

43. 

2 


Motiost gentle. 

Mito 

.. 1. 

43. 

9 

99 

Motion quick. 

Mera 

.. 1. 

44. 

20 


Doen shaken. 

Kofn 

.. 1. 

44. 

10 

Slight. 

j Accompanied by vdrtiadt 

Yokohama 

.. 1. 

62. 

0 m 

99 

(motion. 


The P.T., whoBe duration wan 9,1 h, consisted of small vibrations ol an 
avera^ period of about 2,0s, supei-posed with others still quicker. The 
initial motion was directed towards SW. — The amplitude was at first small 
and became fnll-si7.ed from about the middle of the epoch ; the mas. 2a 
WAS 0,1' mm in the EW and 0,05 mm in the NS component. 

The P.r. whose duration was Im 27s, was most active during the first 
478. It began with a motion of 0,8 mm towards E and 0,6 mm towards 
S, followed by a counter (max.) displacement of 0,9 mm towards W and 
1,1 mm towards N. The prevailing average period was 0,638, there being 
also some traces of vibrations of about 2s period. 

The EJ?. The motion consisted essentially of vibrations of an average 
period of 2,8s, superposed on others of an average period of 4,68. To- 
wards the very end, the average period was 6,0s. 

Mfhe No. 41. October 6tli 1898 ; 4h 62m 22s a.m. 

Total duration =lm 16 b. 

Observations at Meteorological Observatories : — 

Utsunomiya 4h 62m 30s a.m. Sh'ght. Motion gentle. 

Mito 4. 63. 16 „ Moti<m quick. 

Tokyo 4. 66. 69 „ 

The P.T. lasted for about 6s. 

The P.P. The max. 2a, which occurred at the commencement, wae 
very smkll. 

The EJP. There were some traces of unddb^ons of an avexage^penod 
of about 158, 



F. OilOIIL 


J^|ir Ko. 46. Octotwr 9(Mi 1898 ; 5h 15m 40 r p.m. 

Total dmationsslin 14fi. 

Obaerrations at Metaoroilagioat OlwwrvatorieH : — 

Kofo 3h ISm lOs p.ui. BligbL 

rok^o 3. 16. 2 „ 

rokohama 3.. 16. 15 „ 

Dt w Mw n i iTa .... 3. 16. 24 

The P.T., whoae dnration was 7,7 b, consisted rpn- small quick 
vifatalians of an avenge period of about 0,6s. 

^niB PJP., whoee dnntion was 16b, conBisted at ribniions oi an 
avenge period of 0,49 r. The initial displacement was directed towards 
SW, and tiie max. 2a was 0,02 mm in each component. 

'Die £P. The avenge period was about 0,6e. 

in the £W component there was, at 36 b from the commencement of 
the eaiihqnake, a second slight bat decided increase of the amplitude. 

Xfke No. 40. October 26th 1898 ; lOh 30id 14h a.ni. 

Total damtion=2m 44 b. 

ObservatiouR at Meteorological Obsen’atorieB : — 


Cfaoahi lOh 27m 6b a.m. Slight. 

Yokohama 10. 30. 32 „ 

Tokyo 10. 30. 47 

Kofn 10. 31. 20 

Utsanomiya . . 10. 36. 32 „ 

Mite.. 10. 29. 60 


The P.T. lasted ter 16s. 

The PJP. began with the max. 2a of 0,07 mm towards W and 0,06 mm 
towards S. The end was somewhftt confosed by P.O. 

Jfa 84. Novemb^i^dth IBOff'; 2b 40 b a.m. 

Total da]titem=2m. 



HORIZONTAL FENDULUK .OMHEnVAHOKS OP SftffriiQVAKSS, HI 

Obswirations at Meteoitdogioal Observatories : — 


Olioshi 21i 26m 23s a.m. Slight. 

Ishiuomaki .... 2. 37. 10 „ ‘ 

XJtsunomiya . . . . 2. 42. 20 • „ 

Hito 2. 42. 68 „ Motion gentie. 

Yokosnka 2. 43. 10 „ 

Tokvo 2. 46. 88 


"^I’lio I’.T. lasted for Os. 

The P.P., Avlu>s(j dnmtion 19a, consisted of small (jiiick vibratioiui 
superposed on others of an average period of about 1,1s. The max. 2a 
Avas 0,14 min in the KW and 0,05 ram in the NS comiionent. 

The E.P. Tlie average ^leriod AA*as almiit 1,5s. 

The end was confused by P.O. 

JSqlr Xo. ,V). November 12th 1898 ; 9h 42m 26s a.m. 

Total dui'ation=12m. 

Obserrntions at IVleteorologioal Obeeiwatories : — 


Tokyo 

9h 42m 198 a.m. 

Weak. 

Motion quick. 

Yokosnka 

9. 

42. 

22 


Duration short. 

Kof u . . . . 


42. 

35 


(Accompaiiied by vertical 
1 motion ; houses sliaken. 

Maebaslii 

9. 

42. 

45 

Sliglit. 

‘Motion gentle. 

Mito 

9. 

42. 

27 


Motion quick. 

Utsunomiya . 

9. 

43. 

8 


Motion gentle. 

Nagoya . . . . 

9. 

43. 

15 



Fukushimn 

9. 

43. 

50 

79 


Ohoshi 

9. 

44. 

0 

99 

Motion quick. 

Matsumoto 

9. 

44. 

19 

99 



(NS component). 

The P.T., whose duration was 10s, consisted of quick small vivinttkoii^ 
superposed more or less distinctly on 4 (max. . 2 a— 045 miaA 

of an average period of 2,1s. 



T FP.. irlicMe dittKtkm «iui 84fi, hagan witii Um max. fia ct 1,S mm 

titNraiAi N. The motion wax eom p oa e d of vety quick vibrationa which 
nairfiBined till 67« after the commencement at the earthqnalm, aid which 
mne anperpoeed on trame of wavea of aii aA’erage period of about 2,8e. 

The £J*. The motion conaisted fleaentially of ribrationa of an 
aTcrage period of 2,8a, anperpoeed <m alower ones of an a’X'emge period 
<d78. 

The BW component diagram ana loat, aa tlie mrtliqnake took phice 
while' the tecmd'recei^'er waa lieing changed. 


Eqhe Xo. 6S. Ko%'ember 20th 1898 : 31i 42iii 4 m a.iii. . 
Total duration = lin 80 h. 

ObeerTatiouR at Meteorological Ol»sen-atoriPH : — 


Tokyo 

3h 41m 12s a.iii. 

Klight. 


Kumagae 

3. 41. 24 

•• 


Mito 

3. 42. 3 


Motion quick. 

Utannomiya . . 

3. 42. 40 

«t 


Kflfu 

3. 47. 13 




The P.T., whoae duration waa 6a, couaiated of very nmall quick vibm* 
tiona of an average period of about 0,4a. 

The P.P., whoae duration waa 6,5 h, oonaiated of quick vibrationa. 
initial diaplacement was directed towards SW, and tlie connter dis- 
plaoemmit (max«) waa 0,10 mm towards £ and 0,07 mm towards N. 

The B.P. The prevailing average period waa 1,0b. 

The motion waa somewhat confused by P.O. 

J^|te Xo, 62. November 28th 1898 ; 7h 2m 34 b a.m. 

Total dmation=s2m 10s. 

ObaervaiianB at Meteorologioal Obaervatoriea : — 

7h 2a|: 478 a.m. BU[|^t.> 

Ifawbanhi ... 7. 8. 39 m Motion gentle. 



HOBIZOIITAL OSMBKVATlONg OF BAiVBaiSUGBII. 


Mito 71i 8m 64s a.m. Motion ifiiiok:. 

Utsauoiuiya . . . . 7. 4. 0 

Knmagae . . . . 7. 8. 20 

(NS component). 

Tlte P.T., whose duration was 8,8b, consisted of vilwatious td /Ml 
aveiage period of 6,8s, superposed with quicker ones. 

Tlie P.P., whow* duiatiou w»is 8(ts, l>egHii with the max. 2a of 0^Jam« 
Tlio motion w>w superposed with «inick vihiiitions. 

The P.p. The niutiou cousisted of small vibiations of an average 
imriud of 1,1s, supeiposed on othei-s of an aveiage period of 4,88. 

P.( ). There were slight P.t). Their aveiege jjeriod was as foUowe 

4,8s (Ih before the earthquake) ; 

4,9 (Ih after „ „ ). 

Eqke No. 67. December 6th 1898 ; Oh 47in 638 a.iu. 

Total duration =: 3m. 

ObseiTations at Meteorological Observatories : — 

Choshi Oh 60m 238 a.m. Slight. 

Tokyo 0. 50. 33 

Utsunoiniya . . 0. 50. 30 

Kuirmgmi 0. 50. 30 

Mito 0. 51. 0 

The P.T. and the P.P. consisted of quick vibrations. 

The P.T. lasted .for 7s. 

Tire P.P. lasted for 26s. The first displacement was 0,16 mm to- 
wards E and 0,1 mm towards S, and the counter motion (max.) 0^ 
mm towards W and 0,22 mm towards N. 

The end was oonfused'by P.O. 

P.O. Hfhe max. 2a was mm in eaehjspmponent, and the 
period, measured immediately before the earthquake, was 4,28, 



F. oaoKi. 


Jfik ^S. Deoember S5th 1898 ; about lb a.m. 
Total dniatio&sSni. 

ObaerratiuuH ut Meteorologioal ObHerratoriee : — 


Tok%Y) 111 liii 44m A.m. ‘Slight. 

Mho 1. 1. 48 „ Motion goutio. 

Mattnuuotu .... 1. 44* 

UtBimomJ.Ta .... 1. 3. U .. Motion i^-nth*. 

FiikoBhims 1. o. 3 


(1*18 oompcnieut). 

The P.T., a'boee duration was IUh, ixiiiKintod of vrry kiuiiII «]uiok 
vibmtkiiia ol an avenge period of 1 h. 

The P.P. lasted for 35 h. The uiss. 2h whs 0,(>4 nnu. 

Tlie end was wufuxed by Kiuall P.O. The EW ix>ni]M>iu'nt diagram 
was not obtained as the writing index had lieen, through an aevideut, piv* 
vioasl}’ uplifted off tlie smoked i>a])er. 

Eqbs No. 77. January 1st 1899 ; Ih 49iu 4dH a.ui. 

Total duration— 2ui 30 h. 

Olmen’atious ut Meteoiok^iral ObseiTatorios 


Tokyo 

Ih film Is a.m. 



Yokosuka 

1. ill. 15 



Mito . . . . 

.. 1. 61. 51 


Motion quick. 

Mateumoto 

.. 1. 54. 37 

„ 



The oommeuoemeut was not clear, on account of the presence of slight 
P.O. The duration of the P.T. was, however, about 7s. 

The P.P., whose duration was 20s, consisted of quick vibrations. It 
began with a well defined motion of 0,12 mm towards E and 0,07 mm 
towards S, followed by tlie counter displacement (max.) of 0,14 mm to> 
wards W and 0,07 mm towards N. 

JBfie No, 80. January I4lh 1996 ; llh 30m 4fb a.m. 

Totil'du»tioa= SOs. 



HOmZOKTAL PENDULUlt (ffiSBSVATUfMS OF EAlffOtmiCBB. 


Obaenratiolui at Meteoxdogical Obeervaiocies 


Utaunomija llh 30m 10s a.ni. Slight. Motioii graiie 

Tokyo 11. 30. 35 „ 

Knmag;ae 11. 30. 38 „ 


The IM’. Mjis obscured by a very powciful storm P.O. 

Tlie P.P. begun >vitli a 'well defined motion towards SE,'the eoattbsr 
dinplacement (max. ) Ijeing 0,1 mm towards W and 0,14 mm towaxds K. 

1*.(). The mux. *2a was 0,1 mm in each component unH the annezage 
lieriod was 4,8s. 


Eqke Kv. US. January 23rd 1899 ; 2h 56m 388 p.m. 
Total duration = 40s. 


Ol>servatiou8 at Meteorological Observatories : — 


Mito 

Tokyo . . 
Maelwslii 
Kumugae 
I'ltsunomiya 
( *hoHlii 


2h 52m 40s p.m. Weak. 

2. 51. 38 Slight. 

2. 52. 36 

2. 52. 40 

2. 52. 42 

2. 52. 30 


I Motion quick ; 
1 shaken. 


Motion quick. 


houses 


The P.T. was obsouiv.. 

The P.P. began with the max. 2a of 0,05 mm in the EW and 0,07 mm 
in the NS component, lu the former component there was a second max. 
2a of 0,04 mm at 6^s after the first maximum. 


EqhR No. 96. March 6th 1899 ; 8h 11m 40 b p.m. 
Total duration = 6m. 

Observations at Meteorol<^oal Observatories 

Choshi 8h 10m Os p.ni. Slight. 

Tokyo 8.^ 11. 47 

Mito 8. 11. 5^ 


MotipD qqiok. 



ffli ISm %i p.m. 
& IS. 11 


(JBPtft wap oo wnt ). 

The P.T. lasted fear lls. 

Hie PJP. oonaisted of small quick i-ibrationa of au aivn^ period of 
If Is. The am. Sa was 0,04 mm. 

The EJL*. Hie sTexage ftoriod was S^Sr. 

The motion was ooufosed somewhat bv slight P.O. 

Hie SW oomponent diagnun was obecnied bv the superpositJou of 
seveial lines. 

JS^ie No, t04. March lOth 1899 ; about 8h 54m a.m. 

ObsexTations at Meteorological Ofaeervatorios : — 


Knmagae 8h 54m lls p.m. Slight. 

Tbkyo 8. 54. 35 

Kisia 8. 55. 45 „ 


This was an estreuielj small local shuck, the diagram showing merely 
traces of small quick vibrations confused by P.O. 

P.O. There existed a strong storm cd P.O., whose max. 2a was 0,06 
mm in each oennponeut. The average period was as f^ows : — 

5,3s (on the 17th, morning), 

4,0 (on the 16th, after-noon ). 

'Eqke No. 114. March 24th 1899 ; 6h 39m 40s p.m. 

Total dnrati(m=44m. 

Observations at Meteorological Observatories ; — 


Mitb 

6h 39m 20s p.m. 

Slight. 


.. 6. 38. 59 

It 

0tmiiMmiiya . . 

.. 6. 39. 26 

iT 

Maebsshi .. 

. . 6. 39, , 49 


Tolcyo .. 

.. 6. 39. 52 

• fr 



B0BI2QMTAL rtmiSOVOM. OV XAflpqitEliSM, 


TokoihamA .. .. 61i 39m 59 b p.&i. Sli^. 

Foknahima .... 6. 40. 0 „ 

Kaftt 6. 40. 26 

The P.T. lasted for 9g. 

The P.P. b^an with the max. 2a of 0,16 mm towards W (?) 03 

mm towards N. The motion consisted of vibrations ol:'4n averh^K peiiltft 
of about 2,4s, superposed with quick smaller vibrations. The latter cooh 
tinned to appear for altogether Im lOs. 

P.O. Small P.O. b^gan to appear from about 2 hours beim Uie 
earthquake. Hie max. 2a was 0,07 mm in each component the 
average jperiod was 4,3s. 

Eq1»'No. in. April 2nd 1899 ; llh Im 6s p.m. 

Total duratiou=4m. 

Observations at Meteorological Observatories : — 

Kofu llh 18m 50s p.m. Slight. 

Tokyo 11. 19. 27 

Mito 11. 19. 81 

(EW component). 

The P.T. whose duration was 5 ^b consisted of very small and qui<dc 
vibrations. 

The P.P., whose duration was about 9s, b^an with the max. 2a of 
0,1 mm. 7,88 later on there occurred a second max. 2a cS. 0,06 mm. The 
motion consisted of very quick vibrations. 

There existed slight traces of quick P.O. 

(NS component). 

The max. 2a was 0,06 mm. In this component there was no seoand 
maximum motion. 

Eqhe No. 118, April 5th 1899 ; Ih Oitt 53 b p.m. 

Total durationsilm. i 

« • 

ObasTvatUma at Meteorokigioal ObeervaitottoB : — 



Motion qokilc ; 4MWompuiied 


Scfc 

Oh 59in i2R p.m. 

Weak. -jW vertical movementa; 





Ihouses ahakeu. 

Tokohatna 

1. 

0. 

44 

(Motion quick, accompanied 
iby vertical movements. 

Mem 

1, 

1. 

0 

„ Doors shaken. 

Tokm 

1. 

1. 

18- 

„ Motion quick. 

Tagi . . 

0. 

57. 

43 

Slight. 


1. 

0. 

59 


UtnuMumja . . 

1. 

1. 

11 

*9 

Mito .. .. 

1. 

1. 

22 

„ Motion quick. 

Fokni . . . . 

1. 

1. 

27 

• f 

NumaEu . . 

1. 

0. 

40 

^ ^ ( Motion quick ; accompanied 





iby vertical movcmentH. 

Yokomika 

1. 

0. 

42 

99 

Matsninoto 

o. 

59. 

8 

Slight. 


0. 

69.' 

20 


Niiflpuko . . . . 

1. 

1. 

20 

«• 

Nagoja .. .. 

1. 

1. 

38 

s* 

Twi 

1. 

1. 

38 


Oiftt .. .. 

1. 

1. 

40 

99 

Camski .. .. 

1. 

1. 

54 

>» 

Madbashi 

1. 

4. 

0 


The P.T. lasted 20 b. 




The P J*., whose dnrstion was Im Sds, oonsisted at sharp quick vibra- 
la<Mis, superposed with traoeR of slower waves of au average period of 
ftbout 2,1s. The max. 2s was 0,8 mm in the £W and 0,9 mm in the K8 
sonlJponeBt. The small quick vibrations disappeared at about Im 22fl 
Emm tihe commencement of the eaitl^uake, and then waves of au average 
period of 3,2s became pmninent. 

Jfb. 124. April 16th#1899 ; 7h 23m 308 jpn. 

Total durations38m. . . 



HpBizoirrAL FKNDOLDic imtmrmbss Of BAitgeHQcuiaiiL 


Obeeirations at Meteorological ObseiratoiieB :• 


Knmagae 

7h 26m 66s p.m. 

Strong. 

Houses shakmi. 

Maebashi 

7. 

26. 

63 

>> 

rf^panied by souMIl 

1 houses shaken. 1 

Motion quick; aooompaattlS 

Mito . . . . 

7. 

24. 

36 

Weak. . 

1 k 'i'S, 

'1^ votlical moveraenlii! 

• 




1 

houses shaken. 

Kofu • . . . 

7. 

25. 

16 



Utsunomiyn . . 

7. 

2.5. 

62 

>> 

'Motion quick ; aocompatthld 
by vertical movements. 

Tokyo . . 

7. 

25. 

54 


Duration long. 

Yokosuka 

7. 

26. 

3 

9> 

99 

Yokohama . . 

7. 

26. 

4 


99 

Fukushima . . 

7. 

26. 

51 

.. ^ 

Motion quick; houses aha* 
ken. 

Matsumoto . . 

7. 

29. 

0 


Motion gentle. 

Ghoshi . . 

7. 

25. 

22 

Slight. 

/Accompanied by vertica: 
1 movements. 

Yagi . . . . 

7. 

25. 

45 

99 


Osaka . . 

7. 

26. 

5 

99 

Motion gentle. 

Numazii 

7. 

26. 

13 

99 

99 

Miyako . . 

7. 

26. 

16 

99 

99 

Tsu 

7. 

26. 

19 

99 

Duration long. 

Nagoya . . 

7. 

26. 

39 ' 

99 

Motion gentle. 

lida 

7. 

26. 

45 

99 

99 

Ishinomaki . . 

7. 

26. 

50 

99 

Duration long. 

Nagano 

7. 

26. 

58 

99 

99 

Sakai . . . . 

7. 

30. 

18 

99 



The F.T., whose duration was ¥2, 8s, consisted of small quick tibra 
tioBB, superposed on traces of waves an average period of about ' 

The PJ?., whose duii^on was 7jm, begah with an abmpt 
(period 3= 2,38), consisting of the following two displacements; 



ff. OMOU. 


(1st motioii) 
(2nd motion) 


1,25 mm toward £ ; 

0,46 mm 

s. 

1,3 mm 

W- 

e» f 

1,05 mm 

V 


!l9iiBn fbUoved a number ol well de6ned waveit ol an average period of 5,5e, 
wboee amplHade nmained neariy omiataiit for 2m 32a ; the first TibraU<m 
haring the max. (aba.) 2a of 1,7 mm in the £W and 1,6 mm in the Nfl 
component. The six ribrationa of the above gronp, wliioh oocurred from 
about 2m 13 b after the oommneoement were especially veil defined and 
had an average period of 6,0a. Towards the end there were well defined 
vibaatiooB of an average period of 2,98, their max. 2a being 1,0 mm in the 
EW and 0,4 mm in the NS component. The max. 2a of the snperpoeed 
quick ribraticHiB, which were ooutinned till 2m 34e after the commence* 
ment of the earthqnake, was abont 0,6 mm in each component. 

The E.P. At first, the motion oonaiftted of vibrations cd an average 
pi^kid of 74 Ib, snperpoaed on others of an average period oi 3,9a. To- 
wards the end, the average period waa 7,4s. 


Sqit ifo, 131. April 24th 1899 ; 6h 36m 59s s.m. 

Total dnrBtion=5m. 

Observations at Meteorological Observatories : — 

Tokosnka ... 6h 38ra 11s a.m. Weak. 

Sofa 6. 36. 2 Slight. 

Fnknshima . . 6. 37. 40 „ 

ICnmagae ... 6. 38. 17 „ 

6. 38. 20 „ 

6. 38. 46 M Motion quick. 

The 1st P.T., whose duration wan 3,6 b, consisted of very small quick 
vibrations of an average period of SBout 0,618. 

73ib find F.T., whose duration was 6,78, cootisted also oljgttiok vibra- 
tions ; tbs max. 2a being 0,05 mm in each component. 
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P-P<> whose duration was 40s, began with the max. .2^ of 
in the EW and 0,06 mm in the NS component. 

The E.P. Tpwards the end the average p^od was 1,4a. 
existed pxobably vibrations of longer period, but these were obscured by 
small P.O. 

P .O. The average period, measured Ih before tlfV* earthquake, WPS 

3,6b. 


Eqkc JS o. JdZ. May 2ud 1899 ; Ih 2m 22s a.m. 

Total duration = 6m. 

Observations at Meteorological Obsen'atories : — 


Mera 

Ih Im 5s a.m. 

Weak. 

Yokosuka 

1. 

1. 40 


Hikone . . 

1. 

0. 30 

Slight. 

Matsumoto 

1. 

0. 51 

>9 

Tokyo 

1. 

1. 50 

99 

Kofu 

1. 

2. 5 

99 

Mito 

1. 

2. 12 

99 

Utsunomiya 

1. 

3. 8 

99 

Yokohama 

1. 

54. 29 (V) 

99 


Motion quick ; houses sha- 
ken. 

Mption gentle. 

Motion quick. 

Motion gentle. 

Motion quick. 

Motion quick. 


Tlio P.T., whose duration was 13s, consisted of small quick vibra- 
tions. 

The P.P. lasted for 14s. The max. 2a, which occuned at the o<nn- 
mencement, was 0,15 mm in each component. 

The E.P. The waves had an average period of 1,9s, superposed Ott 
others of an average period of 3,7s. 


JBqhB No. 134. May 4th 1899 ; lOh 21% 28s a.m. 
Tobd duration =:^l|>out Im. 

Observations at Meteorological Observatories 



Hi f. flmna. 

MmUm . . lOh 87m 8 b a.m. 81j|^ HonaeB BlMken. 

Hito 10. 88. 17 „ Motioii quick. 

Mjio 10.: 88. 42 

Hie P.T. aud the P.P. ocxuiieiied ot Very small quick Tibrations. 

Hie P.T. lasted for 5,8e. 

The PJP. The max. 8a was 0,04 mm in the £W and 0,08 mm in the 
Ills component. 

The end was obecnred by alight P.O. 

P.O. Hie average period, meastued immediately before the earth- 
quake, was 3,6 b. 


Eqbc Ko, 135. May 6th 1899 ; 2h 8m 348 p.iu. 

Total duration = 2m. 

Observations at Meteorological Observatories : — 


TJpkyo . . . . 

2h 9m 24s i}.m. 

Weak. 

Motion quick. 

Ybkosnka 

.. 2. 9. 83 

>» 


Utsnnomiya . . 

.. 2. 9. 0 

Slight.. 


Kofa 

.. 2. 9. 5 

JJ 


Kumagae 

.. 2. 9. 16 

yy 


Yokohama 

.. 2. 9. 16 

>> 

Motion quick. 

Miio . . . . 

. 2. 9. 20 

9J 


Fuknshima . . 

.. 2. 9. 30 




The P.T. lasted for 6 h. 

The P.P., whose duration was 20s, began with a motion of 0,36 mm 
towards £ and 0,4 mm towards S, followed by the counter displaoement 
(max.) of 0,46 mm towards W and 0,56 mm towards N. The rest of the 
moticm was much smaller. The period of vibration was very short. 

Hm E.P. The average period tfwi 1.2s. 

No. m. July 7th 1899 ; 6h 12m 498 ai|. 

Tofad durations 6m. 
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OlMerTAtions at Meteorologtcal Observatories : — 


Mito 51i 12m 26s a.m. Slight. 

Tokyo o. 12. 41 ' „ ' Motion qiddL ' 

Yokohama 5. 12. 49 


The P.T., whose duration was 9s, consisted of stnaU vibrations of aft 
average period of about l.ls. 

The P.P., whose duration was 20 k, consisted of quick vibrations. Tho 
initial motion was 0,32 mm towards W and 0,26 mm towards, 8, foihiiwa^ 
by the counter displacement (max. ) of 0,42 mm towards £ and 0,4 sons 
towards N. 

The E.P. Towards the end the average period was 2,2 b. Tba 
motion was somewhat confused by P.O. 


£q}ce No. 160. July 7th !f899 ; 6h 63m 17s a.m. 
Total duration = 8m. 

Obsoiwations at Meteorological Observatories : — 


Ohoshi 

6h 49m 67s a.m. 

Slight. 


Mito 

0 . 

61. 

48 

1 

Weak. ■ 

Motion quick ; accompanied 
by vertical movements:; 

Tokyo 

(i. 

63. 

6 


houses shaken. 

Motion quick. 

Yokohama 

G. 

63. 

20 

» 1 

Motion quick ; accompanied 

Utsunomiya . . 

6. 

64. 

0 

1 

by vertical motion. 

Motion quick ; doors shakeu. 

Yokosuka 

6. 

61. 

10 

Slight. 

Motion gentle. 

Fukushima . . 

6. 

61. 

50 

yy 


Mera 

6. 

61. 

60 

fj 


Sofa 

6. 

62. 

40 

yy 


Matsumoto . . 

6. 

63. 

13 

yy 


Kumagae 

6. 

63. 

16 

yy 


Maebashi 

6. 

63. 

17 

yy 

Motion, 



9 , 



Ob» lafc P.T. larteA Cor •bout 8a. The motioB waa vety ainall. 

Xltt P.T., whoee dumtioii araa 7,68, begaa with a well defined 
die|fininna>iit of 0,05 mu toweads W and 0,04 nun towaida 8. The max. 
Sb WM 0,15 nun in each oompcmenl. 

The PJP., whoee dontion wait Im 14a, oonaiated of quick Tibrations. 
It began with a well defined disidaoenient of 0.66 mm towaida £ and 0,35 
mm towuds N, the counter motion (max.) being 0,05 mm towards W and 
0,7 mm towards 8. 

P.O. l%e aveiagB period, measured in the morning of the 6th, was 

64fe. 

JBjIk No no. July 27th 1899 ; 2h Im 5 b p.m. 

Total dnmtton=8m. 

Obeervations at Meteorolcgicsl Obaervatories : — 


Ptannomiya 2h Im 3s p.m. Weak. Motion quick. 

mto . ... 2. 1. 5 „ Houaes slwkeii. 

Tokyo 2. 1. 5 8Iiglit. 

Yokohama 2. 1. C „ Motion (juick. 

Kumagae 2. 1. 12 „ 

Maebaahi 2. 1. 15 „ Motion gentle. 

Choshi ‘ 2. 2. 39 


The P.T. lasted for 9s. The motion M'aa small. 

The PJ*., whose dmation was ISs, consisted of quick vibmtirnis. It 
begsa with the max. 2a of 0,24 mm in each oomponeut. 

No. 179. August 7th 1899 ; 6h 11m 22s p.m. 

Total duiation=5m. 

Obsejrvatioiis at Meteorological Observatories : — 


Matsumoto Ohpmlfiep.in. I^ight. 

MMo 6. 1. 21 Motion quick. 


• a » a *•#' "• fc 6. 1. 87 
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Kimu«» .. 6hlm39.p.™. Slight. 

(by somikd. 

Tokcduuna C. 1. 46 

Utunnomiya .. 6. 3. 30 „ Motion geutle. 

The P.T., whom) duration was 7», conaiKtod of small quiek vibmtioitflt 
The P.P., whose duration wan 30.s, consisted o^. quick vibnAiOttl^' 
The max. 2a of 0,22 mm in the EW and 0,2 mm in the NS oomptmettb' 
oocnn»d at 4b after the commencement. In the NS component them 
were the second and thiid maximums which occurred respeotiyely 5 aii% 
lOs after the first, 

P.O. There existed slight traces of P.,0., whose UTerage period, 
measured immediately before the earthquake, was 6,1s. 

EqJx No. 180. August 8th 1899 ; 9h 63m 41s p.m. 

Total duration = 6m. 

Observations at Meteorological Observatories : — 


Mito 9h 53m 44 b p.m. Slight. 

Tokyo 9. 64. 3 „ 

Maebashi' .... 9, 64. 3 „ • Motion quick. 

Kumagae .... 9. 66. 0 „ 


The P.T., whose duration was 9s, consisted of small quick vibrations. 
The P.P., whose duration was 20s, consisted of quick vibrations. The 
initial displacement was 0,1 mm towards E and 0,06 mm towards S, the 
counter motion (max.) being 0,16 mm towards W and 0,06 mm towMds N. 
P.O. There existed very slight traces of P.O. 

Eqhe No. 192. September 3rd 1899 ; lOh 7m 64s p.m. 

Total duiation=6m. 

1 

Observations at Meteorological Ohservatories ; — 


Utsnnomiya J.0h 11m 30 b p.m. Weak. Motion qaidci; 

Hiio 10. 9, 0 Slight. . Motkm gaolShk 



r.ngmu’ 



IlMkyD . . . . lOli ^ a« p.in. 

KimuigiM 10. 9. i7 „ 


Fakoriunw lOi 9. 40 „ ■ 

NapiilMno 10. 36. 51 (?j 

The P.T., vkoae dnntion whs 9,48, ootuuiiled ci vmy bumU quick 

Tibmticwcw. 

Hie PJP., wlxiae dareiiaa wnn lOe, <^si8ted of quick Wbratione. 
Hm amiditade renmiued nearly conRteut ; the max. 2a lM>iu|c 0,12 aim in 
Ihe EW and 0,07 mm in the US oompement. 

The end me oemfneed by diig^t P.O. 

P.O. Hie arerage period, measareil immediately before the eartli- 
qnake, me 4,4s. 


Bqh No. 214. October 10th 1899 ; 6h 17m 54s a.m. 
Total diiratioii=5m. 

Observations at Meteorological Observatories : — 


Tokosnks . . 

6h 18in Os a.m. 

Weak. 

Motion quick. 

Utsonomiya 

. . . . 6 . 

18. 

0 


Motion gentle. 

Yokohama . . 

. . . . 6. 

17. 

5,3 

Blight. 

• 

Knmagae . . 

. . . . 6. 

18. 

0 



Tokyo.. .. 

(5. 

18. 

2 

»» 


Miio . . . 

. . . . 6 . 

18. 

2 


LiqnidB shaken. 

Nmnasn 

. . 6. 

18. 

44 

99 

Motion quick. 

Nagoya 

. . . . 6 . 

18. 

45 

*9 


Ghcelii 

.. .6. 

20. 

0 

99 


Matenmoto 

. . . . 6. 

20. 

13 

• • 



The P.T., whose dnrstion was lOs, ooneisted of very quick vibndioiiflb 
The max. 2a was 0,1 mm in the JfSW and 0,00 mm in the NS component. 

Hie P.P., whose duration was iTs, began with the max. 2a 61 0,22 
mm in the EW and 0,16 mm in the NS component. 

TlieBkP. was confused P.O. In tim earlier partisn, howemer, 
Hmm wece some traces <rf vibratkms of an avemge period of 1,8 b. 
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GROUP Vm (b ). — Ijocal MSaiihqudkea dfmrved in Tokyo 
and at one otfier place. 


Eqke. No. 2S. September 11th 1898 ; lOh 3m 32s p.m. 

** Toiftl diiTation=lm 7b. 

ObRerrations at Meteorological Obaerratoiies : — 

Tokyo lOh 3m 358 p.m. Slight. 

TokoBuka 10. 3. 35 „ 

This was a small earthquake at some distance. The P.T. lasted lor 
l$s. (The beginning of motion was somewhat obscure). 

The P.P. The max. 2a was 0,08 mm in the EW and 0,03 mm in 
the NS component. 


Eqke No. 60. November 21st 1898 ; 9h 6m 63s a.m. 

Total duration = ? 

Observations at Meteorological Observatories : — 

Tokyo 9h 7m Ss a.m. Slight. 

Eumagae 9. 7. 19 „ 

This was a verv' small earthquake, the diagram showing merely 
traces of motiou. 


Eqke No. 72. December 19th 1898 ; Oh Om ISs p.m. 
Total duration =lm lOs. 

Observations ak Meteorological Dbserratmies : — 


Mito 
Tokyo . . 


llh 59m 80 b a.m. Slight. 
11. 69. 42 


( Motion qui<^> aoecAn^kei^ ' 
Iby veitieai morameiili»t - ^ ;; 



r. ipafti. 


WM « very small satthqnalce of a ocanpamtivdy near origin. 
P.T. whose dvmUon waa 4a was well demsrked and ocsisislsd 
ctf small and quick TifantioiiB of an sTerage period of 0,4s. 

The P.P., whose dnrsftion was 14s, oonsisied of Tibraiions of an 
average period of 0,63s, there being no waves of longer period. The 
max. 2a was 0,06 mm in the £W and 0,04 mm in the NS oomponnnt. 

Eqie Uto. 19. January 8th 1899; Ih 11m 21 h a.m. 

Total dniation=:2m 35 b. 

Observations at Meteorological OliHervatories ; — 


Tokyo Ih lOm 47h a.m. Slight. 

Utsnnomiya . . 1. 12. 00 „ 


The was an extreme!}* small earthquake. 

P.T. lasted for 2,6 b. 

The P.P. The max. 2a was 0,02 mm in each oomponeni. 

Hie EJP. The average period was 0,688. 

No. 121. April 11th 1899 ; lOh 6m 46b a.m. 

Total duration =lm. 

O^MervationB at Meteorological Observatories 

Tokyo lOh 6m 68 b a.m. Slight. 

Yokohama 10. 6. 66 „ „ 

(BW oomponent). 

The P.T., whose duration was 18s, consisted of very small and quick 
vibiations. 

The PJP. lasted for 4,68. Tlie max. 2a of 0,16 mm (EW) occurred 
at the oommenpement. 

The £JP. also consiated of very small and quick vibrations. 

The reoocd from the NS component pendulum was not obtained, as 
the earthquake happened while the drum dL that machine' waa being 
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Eqhe No. 129, April fiOih 1899 ; 5h Om Sis p.lk. 
Total diizatiaa=50s. 

Observations at Meteorological ObseiTatories : — 

Tokyo 51i 10m 60 k p.m. Blig^. 

Fakusbima , . . . 5. 10. ' 44 


The P.T., whosii duration AvtiH 98, I'ousisted of rnnall and qoi^ 
vibrations. 

Tlie P.P. The max. 2a, Avhich oucuned at the commencement vnm 
0,16 mm in the EW and 0/08 mm in the NS component. The mo^lJv 
-waM active for about 3s, then tliere foUon-ed an interval of rest fijor 
about Ijs, when, in the EW component, there appeared a second imot. 
2a of 0.08 mm in the EW component. The motion was this time aetive 
for about 2s, so that the total duration of the F.P. was Ss. 

The E.P. also consisted of small and quick vibrations. 


Nqke No. 187. May 11th 1899; 5h 59m 128 a.m. 

\ 

Total duration = 6m. 

Observations at Meteorolc^ical ObseiTatories : — 

Yukuhama 6h Im 42s a.m. Slight. 

Tokyo 6. 1. 44 

The P.T. lusted for 8,3s. 

The P.P. which consisted entirely of small quick vibrations, began 
with thi' max. 2a of 0,05 mm in the EW and 0,01 mm in the NS 
component. The motion was active for the next l^s. During the CAM* 
ceeding 3s the motion was small, when a second max. (abs.) 2a of 0,&T sun 
took place in the EW compcmeut, (very small, in the NS compcmm^. 
During the next 16s the motion was more or less active, there be4ng 
occasional alternations of maximum and minimum groups. ' 

Hie E.P. The average period was 7,28, 

Eqie No. 144. ' June lOth 1899 ; lOh 36m 668 p.m. 

Total duration = 5m. 



OlMwvBtKMiB a* lfBla6iralQgioal ObaerratoriM 

jifetnaa . . . . lOh Mm Mb p. 111 . Waak. Motion quick. 

.. .. 10. M. 66 SU^ 

The P.T. lasted for 8,4 b. 

The P.F. bagsa vitb a max. 2a of OtOS* mm in the EW and 0,0S mm 
in the NS oomponeni. In the latter component, the motion oonsieted, for 

9 

the nexi. ^la, of small and quick ribrations, snpeiposed more or less 
distineUy on slow wares cd an average period of 8,3.4. This part 
l^obablj be taken as the 2nd P.T. After tliis the motion consisted 
principallj of regular slow waves of an average iieriod of 2,78, of 
whuAi the max. 2a dt 0,07 mm occurred at 35s from the commencement 
of the PJP. In the EW oompoueut, the duration of tlie 2ud. P.T. was 
22a, tiie motion following being cliaracterized by the appearance of reg^ular 
and larger vibrations of an average period of 3,28. The mux. 2a in this 
component was 0,06 mm, and occurred at 22s and also at 35s from the 
end of the (1st) P.T. 

* JEHg^ No. 191. Hepteiiiber 2ud 1899 ; 3h loin i5H a. 111 . 

Total dntHtiou=9iii. 

Obaervatious at Meteorological Observatories : — 

Tokyn,’ . . 3h 16m Os a.m. Slight. 

Matsumoto . . 3. 16. 27 „ 

The be^nning and end were somewhat obscured by P.O. In the 
eaadisr pcntion, the motion consisted of small vibrations of an average 
period of 1,7s. A.t about 3m 20s from the commencement, there appear- 
ed the P.P., whose average period was 5,3s, and whose max. 2a was 0,03 
40001 in the EW and 0,04 mm in the NS component. 

P.O. The average period measured about Ih bo|bic the earthquake, 
wbb8,6b. 

No. 218. October 10th 1899 ; Ih 12m iSs a.m. 

Totfl duralumssabout 8m. 
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OfaeervattoQB at Meteordogioal ObeervstoriOB : — 

Fokushima . . Ih 15m 54s a.m. Slight. 

Tokyo (not observed.) 

This was a small earthquake at some distauue. The beginuing 
end of the motion were rendered indistinct by the pre88flce of sUsdit P.O; 
P.T. was not well defined. 

The motion began veiy gradually, and the P.P. consisted enantuuiy 
of waves of .an average period of 6 b, superposed with small and qpiii^ 
vibratiouH. The max. 2a was 0,05 mm in the EW and 0,04 mm in tlwl 
NS component. 

Tlie E.P. The average iieriod was 5,1s. 



OBOUF Vm (c). — Land Kartkqmdm ohm'twrl on^ im Tokjfo, 


Eqhe No. 6‘. July 25ih 1896; ^ 37m 57s s.m. 

; .ToUl diinlioii=ils. 

This was au extremely small local shock, baviug ocunrrad wlule the 
ifiqke Na 5. vas not yet completely ended. 

ISie P.T. lasted for 4,9s in the NS and 6,7s in the £W component. 

The P.P. oaosiBted dt wa.\e» of au average period of 9,4 b, superposed 
on small quick vibratimis. The max. 2a was 0,03 mm in the NS and 
0/)6 nun in the EW component. 

Eqia No. 15. Ang;ost 17th 1898 ; 41i 26m 60s p.m. (Cent. Met. Obs. 

4h 16m 23s. Slight ) 

Total duration = about Im. 

The P.T., whose duration was 6,6s, was well defiuud and consisted of 
small vibxaticsis of an average period of 1,2s, superposed with others still 
smaller. 

P.P. began with a displacement of 0,06 mm towards E and 0,02 
mm towards S, followed by a counter-motion (max.) of 0,12 mm towards 
W and 0,04 mm towards N. — llie vibrations in the earlier portion had an 
avenge period of 1,5s, superposed with still smaller movements. Then 
waa no trace of waves of longer period. 

No. 62. November 6th 1898 ; 9h Om 60s a.m. (Gent. Met. Obs. 9h 

2n24B. Intensity, aligd^t.) 

Total dnntion=aboat 16m. 

. The ^rthquake was evidently at some distance, and the 

motkm began very gradosUy. 

* The P.T^hwted for abtmi 41,6s and consisted ol .very small vibrations 
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of <m average period of S^Sa, superposed on very slight traees of eiSb^.'dL 
l<n|ger period. 

The PJ*., whose duration was 2m 20s, oonaisted of vibrariioxts ci 
average period of 4,8e. The maximum motion was 0,06 mm in the IBSW' 
and also 0,06 mm in the NS eomponent. 

The E J*. The avera^ period was 4,5s'. 

P.O. There were present very slight traces erf P.O., whose average' 
period was 4,9 b. 

Eqhe No. 74. December 27th J.898 ; 4h 43m 42s p.m. 

Total duration = 42s. 

Tills was a very small local shock. 

The P.T. lasted for lOs. 

The P.P. consisted entirely of very small quick vibrations. In the 
EW component, the max. 2a of 0,08 mm occurred at about 28 from the 
commencement of this epoch, followed 2 b later by a second max. 2 b of 0,05 
mm. In the NS component there were similarly two maximum move- 
ments, each equal to 0,03 mm. 

P.O. There existed small quick P.O., whose max. 2a was 0,03 mm in 
each component ; the average period being 4,0s. 

Eghe No. 75. December 29th 1898 ; about 4h 12m a.m. 

Total duration = about 3m. 

miie was a very small earthquake and tlie motion consisted of sli ght , 
quick vibrations. 

The P.T. lasted for about 208. 

The P.P. The max. 2a wa&0,04 mm in the EW and 0,02 mm in thw 
NS component. 

The E.P. The principal average period 

Ik^No.78. January 5th 1899 ; 9h Im 8 b a.m, (Cent, liei.0^ %^ 
ImSSs. Slight). 

Total durati<m=508. 



F. OMPBL 


*l^*ffr* P.O. existed tlmiiiglioQt the dej. 

Hlw P.T., whose dvntkm wss 9s, consisted of veiy small ipyi^npMits 

£- 

— yeipoeed on distinct slower ones ci an average period of 4,8s. 

Tto Pf . Tlie muiiimn diq>lH«nN>t, v^oh oocomd ^ tl^iom- 
mencement of this stage, wA 0,12 mm towarils W and 0,16 mm towards 
N, the rest of the motion being very small. Motion was, howerer, more 
or less actire doting 7s. The well defined waves Imd an arerage period of 
4,4 b, snperposed with much smaller ones. 

JL 

Sqie No. 91. Febmaiy 2l8t 1899 ; Ih 10m 6s a.m. (Gent. Met. Obs. 
Ih 10m 46 b a.m. Slight)* 

Total dnTation=4m 20s. 

The P.T. lasted for about 2,38. 

The P.P. consisted of very small quick vibrntionR. Tlie max. motion 
oceaxred at tlie commencement. 

E^fht No. 101. Match 13th 1899; lOh 51m 53s p.m. (Cent. Met. 
Obs. lOh 62m Is. Sbght). 

Total diiiati(m=30B. 

^niere existed slight P.O., on whose account the end of earth- 
quake can not accurately be determined from the diagram. Immediately 
faefoae the eqke, the average period of P.O. was 7,2 b. 

The P.T. lasted for 6,6s. 

The P.P. lasted for 10s and began with a motion of u,i« mra^towain 
W and 0,01 mm towards S. In the EW component, a second (abe.) max. 
2a of 0,06 nun occurred 2s later on, but it«|||be NS wmponent there was no 
eqn4apanding maxarinm. 

The motion oon8ii(|||l throughout of very small qu|ok vibrations. 

No. 116. March 29tb 1899; Ufa 42m 14 b p.m. (Gent. Met. 
Ohs. Ufa 41m 32 b. Sli^). 

ToISbI diu»tiott=s8|m. 
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ne rfigin ^ ihi,;*Mthq«to «. «»e dMuM. «a m mmm 

sbvfred'ttO'Sing^ 'vrell proitotiiified ihasimum. 

^7%e^P.T. lasted 19s. The motion consisted of veij small 
▼ibiaitions. 

The F.P. The maxi^^'firas 0,04 Tnin m the EW and 0,01 mm in 4te)r 
NS component. 

Towards the very end of the earthquake the avera^^ period was 4s. 

Eqkc Xo. 168. July 7th 1899 ; 6h 32m 16s a.m. 

Total duTatiou=lm. 

This wjis a vei-i' small local sJiock observed only at the Seismokjpcal 
Institute. 

Tils 1M\ lasted ahout 4s (V) 

Tlie P.P. l)egan with the max. 2a of 0,1 mm in the EW and 0,05 mm 
in the N»S component. In the EW component there was a second max. 
2n of 0,1 mm 2s later on ; in the other component the corresponding max. 
2a was insignificant. 


Eqiv No. 227. Noveml)er 7th 1899 ; 4h 48m 60s p.m. (Clent. Met* 
(>1^ 4h 46m 64s. Slight). 

Total duration =lm 20s. 

P.T., which was well defined, lasted for 8,9s in the EW and 6,9s 
in N8 component, the motion consisting of extremely small and quick, 
v^rations. 

The P.P. began with a motion of 0,06 mm towards E and 0,05 mm 
towards S. The max^npim moCIten, which occurred near the cmnmence* 
luent of this portion was '0,08' mm in the EW and 9,1 mm in the 
cx>mponent. There was a 2nd max. 2a of 6,88 l|||ik on, the displaoemeort 
being better marked in the NB than in the EW compmient. 

Eqhe No. 241, December 14th 1899 ; 2h 29m 36s a.m. 

Total duration = 24 m. 



r. (paM. 



iBOtaoD WM Teiy soiiU in bdh oomponeidi. 

P.T. luted for ISs in tiie EW and for 12«4s in the oom> 

P.O. There eiisted ali^ P.O., whose maximnm motion wu' 0,02 
mm in eseh component, and whose average T»#l wu 8,9 b. 



HOBIZOirrAL FSNim.TnC 4ft8SItVATIC^^ 09 'XUOVQUJUCBI PM 


(xm^L ir ijv. — JharitK/miKes ft/ miftcdlansous cyrigiuft. 

Eqke Xo. o . — July 25th 1898 ; 61i 18in 2s a.m. 

Total duration = 30m. 

ObsoiTiitioiis at Metcorologic'iil Obsen-atories : — 

Niigata 6h 19za 13s a.m. Slight. 

The P.T., whose duration was 16a, began with a small displaomneat ' 
towards SW. The motion consisted essentially of vibrations of anavexBgjfe*' 
period of 1,2s, superposed with small quicker ones. The max. 2a was. 
0,19 mm in the EW and 0,13 mm in the NS component. 

The P.P., whose duration was 3m 28 b, was particularly active duriog; 
the first Im 36s and superposed with quicker vibrations. The motion 
began with a well defined displacement of 0,6 mm towards E and 0,7 mm 
towards N, the predominating average i)eriod being 5,2s. The max. (abs.) 
motion occurred at 34s from the commencement and had a period of 5,4a, 
its 2a being 2,2 mm in the EW and 1,7 mm in the NS component. 

The E.P. The average period was G,5s. 


Eqke No. 212. October 7th 1899 ; Oh 69m 388 a.m. 
Total duration = ? 


Observations at Meteorological Observatories : — 


Akita . . Oh 63m 28s a.m. Weak. 

Aomori . . . . 0. 66. 35 „ 

Hakodate . . 0. 66. 20 Slight. 

Miyako. . . . 0. 67. 1 

Fakpsfaima . . 1. 0. 8 


j Accompanied by vexikml 
iqiotion. 

Motion quick. 

Motion gentle. 


II 



Thi 9 WAS a Htnall eaiUiqiiakA. whom diagram il'HM altugeiher ocuiftiaMl 
very powerful P.O. 


JBgh No. 2J(f. October lltb 1899 ; 2h 17m 20a p.m. 
Total duiation= 14m. 

t 

ObeervatioDs at Meteorologiml Olispn-atories 


Hiroehima 

. . ‘ill 

14in 21h p.m. 

Weak. 

Houses shaken 

Hamada 

. 2. 

14. 

26 

«« 

Duration long. 

Sakai ■ , , 

. . 2. 

14. 

40 


Motion quick. 

Oka^^Mil 

2. 

14. 

50 

»• 


Mateumoto 

2. 

U. 

0 

i> 


Tagi 

. 2. 

14. 

5 

Sliglit. 


Kumamoto 

.. 2. 

14. 

4tl 



Tadotau . . 

. . 2. 

14. 

40 


Motion ijni(*k. 

Kure 

.. 2. 

14. 

57 



Osaka 

. 2. 

15. 

0 

>» 

39 

Fukuoka 

.. 2. 

15. 

28 



Akamagaaeki 

. . 2. 

17. 

21 



Kochi 

.. 2. 

23. 

0 (?» " 




The P.T., whose duration waa 45 r, consiated of smaQ vibrations of an 
average period of 3,5 h. 

The P.P«, whose duration was about l^m, consisted of regular vibra- 
tiims of an average period of 7,7 h. The max. 2a, which occurred near the 
oommencemeut, was 0,00 mm in the EW and 0,07 mm in the NS com- 
ponent. 

Eglta No. 22d. November' 6th 1899 ; Oh 34m Os a.m. 

Total duration=^)m. 

Obaervatfbns at Meteorological Obeervatories : — 

Kalwdate 0h31m24sa.m. Weak. Motion gentle. 



HOltIZOKTAX. m'DlXTlC flaWKItVAnOKR OF BASXSQUAjbtsf IPI 


(17S component). 

The commencement was somewhat olwicuTe<nj3^' slight 
eaxtliquake began with small movements, the first ttsx. 2a of 
oi’onrring at about l^m from the assumed start. A second max. ^ of 
0,15 inm occurred Im 55 b later on. The average period in the P.P., 

4 - 

lasted 2|m, was 14,4s. There were also traces of superposed smsSer 
vibrations of an average period of about 3,5s. 

The E.P. The average jjeriod was 8,4s. 

P.O. Then* wei-e very slight P.O., whose average period was 4,4s. , 
(Tlie KW coiiiixment recoid is misHing). 
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ANNUAL AND DIURNAL VARIATIONS OF 
SEISMIC FREQUENCY IN JAPAN. 


BY 

F. OMORI, D. Sc., 

Member of the ^perial Earthquake Investigatioii Committee. 

I. INTRODUCTION. 

1. Time distribution of earthquakes. The primary causes of ear&> 
quakes are certain abnormal stresses existing in the earth’s crust, 
A^'hich gradually reach their maximum limit and produce some sudden 
geutectouic convulsions. Further, the atmospheric pressure, the attno* 
tion of the moon, etc., are to be regarded as periodic external foroH 
acting on the earth’s crust, which may accelerate the growth of the 
subterranean strains. Consequently we may assume that the seismic 
activity of the earth’s crust must vary with time, subject to oextaifl 
periodic fluctuations. Speaking generally, therefore, the time relation 
of the seismic frequency may be two-fold : firstly, non-periodic vario’ 
tions ; and, secondly, periodic variations. 

2. Periodic seismic variations. Seismic frequency means the numbei 
of earthquakes which are felt at a given place in a definite time 
interval, such as 1 hour, 1 day, 1 month, 1 year, etc. 

One of the most satisfactory ways of finding out some of setamit 
periodicities is the consideration of the after-diochs of great earthquidpeOj 
because, firstly, these shocks are so numerous, and, secondly, the e«e(^ 
crust at the earthquake origin or at its immediate vicinity lli 

* This ia tha of my paper written in Mateli 1^00 and 

Yol. XXX of the Report (Japanese) iff tht Imperial Earthquake 
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pMrIiettlaily aeniutive to tlie action of external agencies. I give below 
xeenita reepecting tlie periodioitj obtained in this way.* 


Aft«r Rboeks of 

Knmainoto eqke of Jnh* 28th 
1899. 

Miuo-Owari eqke of Oct 28th 
1891. 

Kagoehima eqke of .S^pt. 7th 
1893. 


Period*. 

4,8 days, 12 days, 33 days, 3 

IllOlltllS. 

4 tor 4J'i hours, 8 (^or 9t honra, 1 
day. 4 1 days, 12 days, 33 days. 

4,4 days, 12 daw, 33 d.i 3 's. 


Thus there seems to exist, beside the well known annual period, 
ais others more or leas n<tcuratel 3 ’ defined. Of these llin two periods of 
4 (or4J) hours and 8 (or Di houra are approxitnatolv' /[tij and ^rd of the 
dinmal period. 

In the present paper I c;oiifii;e in^'self to tlie consideration of the 
annual and diurnal variations of seismic frecpieucy in Japan. 

3. The discussions in the ]>resent papier are based on earthquake 
observations at the following 2'> Meteorologitail Obsor\’atorie8 : Xemnro 
Sopporo, HakotlaU’, Akit'i, Y(nuo<j<ii<t, Mii/ako, Inhinoinaki, Fukunhima, 
Uttunomiya, Tokyo, Madwisla, Nwjatu, Smjuno, Nunmzn, Homamatsu, 
Nagoya, Oifu, Hihme, 2'm, Wokoyamn, Hiroshima, Hamada, Kochi, 
OUa, Kumamoto uiid Kuyoshhnn. Of these 26 observatories, which are 
distributed in the principal seismic regions of the Empire, Gifu has 
reooided the maximum earthquake number of 4220, lietween Oct. 28th 
801 and Dec. 31st 1899 ; on the other liand, Hamada lias recorded the 
fewest number of 30, between 1893 and 1899. The total number of 
earthquakes observed at these 26 places, up to the end of Dec. 31st 1899, 
auMmnts to 18279. 

• ’ The majority of the 18279 earthquakes were observed instrumentally , 

„■ ,' ■ * Bee the preneDt' aathor’s paper : “ On after ahoeka of earthquakee'" Jour. So. Coll. . 
Onp. Cniv. Tokyo, Yol. VII, ^ 
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the Beismographs list'd being tlioso of the Oi'ay'M.iiue type. TJiBM 
machines are essentially designed for the purpose of the niacixieeisnuo 
obsoi-^'ation, and the multiplication of their pointei's varies betwixt 3 
and 10. 

Ti<ft time distribution of eartlKjuakes may not necessarily be similar 
for tho Avliole of Japan. Consequently I have not mixed up all the i*e- 
cords, but constructed the tablets of monthly and hourly earthquake 
distribution separately for the diflibrent sfaitious. The reader is also 
rc^ferred to Jonr. Sc. Coll., Imp. Uiiiv., Tokyo, Vol. XI, in which I have 
discussf'd the e.nmnil vaihition of tlje seismic frequency for Japan taken 
as a witli respetd to drsfrffrfln and nrfJluarf/ HtnaV (sarthquakes. 

4. Mrf^itrahxjivaJ ()hsrrr(/fitrir^\ Tiiti ti'J meteorrilogical observ'atories 
ar(j for the sake of conv(nii(uic.e divided into two {groups (A) and (B).-(8ee 
§7.) Ill tire folio wins table are given for each station the date of coni- 
moucement of earthquake observation, number cJ (^udlKpiakes observed 
etc. For the geographical position of the different Meteorological 
Observatories* the reader is referred to Fig. 1(5, and also to p,p. v-rii 
PubUcation^ No. 6. 


At pre.^ent there ore in Japan 78 Motearolo^cal Observatories. 




TABLB I. 

KiRTHQUAKE OBSERVATION AT THE 26 
METEOKOLOOIOAL STATIONS. 


I 


Stiition. 


I)atp of cNjin- 
nifBOOlDMt 
«if nuthqiiAkf* 
olMmnration. 


fTUii€» i&tftmd 
jb'tveeii l>i«. 
IfmmnAthe 
ciikinnience* 
mrat of 
iNurthqtiiUce 
obiiennitiozi. 


j ]>Bte of vetting up 
of 

} 8c!isniogni|)h. 


TTotal nnnibex 
of 

oAitliqaakM 

obverred. 


Sapporo. 

Sep. 

1876 

23 

4 

Jau. 

1883 

166. 

Hakodate. ' Jan. 

1878 ' 

27 

0 

Jan. 

1895t 

305. 

Tokyo. Jau. 

1876 

24 

0 

(All instnuuentoDy 
ubser\‘€Hl.) 

2173. 

Niigata. . April 

1886 

13 

{) 

Jon. 

1894 

216. 

' Nagano. , Mai*ch 1880 

10 

10 

April 

1889 

310. 

. Numazu. 

t 

l>ec. 

1884 

1.5 

1 

(No RoiRnu^gjnjJi 
yet net up ) 

162. 

; Hainamatan. ' 

Jau. 

1885 

15 

0 

ft 


99. 

Naeojra. 

Ort. 

1S1»1* 

8 

4j * (Ail iDstniniontally 
‘ obsenred.) 

1980. 

Gifa. 1 


* 

»* 


9f 


4216. 

• Tbu. 

J «ly 

188!> 

10 

6 ; 

Feb. Ist, 

1899 

416. 

! Waknyama. 

S<q). 

1879 

20 

4 ; 

Jau. 

1888 

404. 

Hii'osluma. | 

Dec, 

1884 

15 

1 

Dec. 

1892 

107. 

Oita. 

Jan. 

1887 

13 

0 

Jan. 

1888 

204. 

' Knmainoto. 

July 

1889 

10 

6 i 

Feb. 

1890 

1578. 

Eagoehiina. 

March 

1885 

14 

10 

Nov. 

1887 

406 

Nemuro. 

Jau. 

1885 

15 

0 

Aug. 

1886 

1343. 

Akita. I Jau. 

1888 ' 

17 

1 

July 

1894 

373. 

Yamagatn. 

Dec. 

1889 

10 

1 ; 

99 

1889 

197. 

Miyako. 

Marcli 188H 

16 

10 ! 

, 

June 

1896, 

704. 

Ishinomaki. 

Jau. 

1886 

14 

0 ; 

July 

1896 

1034. 

Fukushima. 

May 

1889 

10 

8 

March 

1895 

857. 

Utaunomiya. 

Jan. 

1891 

9 

0 

July 

1893 

492. 

Maebaslii. 

Dec. 

1896 

3 

1 

(All instmmentiiUy 
observed.) 

126. 

Hikone. 

Jan. 

1894 

6 

0 

99 


245. 

Hamada. 

Feb. 

1893 

6 

11 

July 

1894 

30. 

Kochi. 

Feb. 

1879 

16 

11 

Dec. 

1893 

86. 


Total number of earthquake observations =18279. 

* For Gifu' and Kagoya I have taken here only the earthquakes which happened since 
tibe gteat Mino-Owaii earthquake of Oct. 28th 1891. 

t Ofaaerred sinoe July 18.41 by meads of a dulplex pendolnm seismognph. 




From tLe above table it will be seen that the longest seeies of 
eeismic observation were made at the following four stations : — Hdkaiaitef 
*n years ; Tokyo, 24 yeare ; Sapporo, 23 years 4 month ; WakayculM, 
20 years 4 mouths. 


11. ANNTTAT. VARIATION OF EARTHQUAKE ' 
FREQUENCY. 

5. Srifiiiiir fmpujnry at Tokyo ami Gifu. Let us first consider, as 
examples, the luniual variation of seismic frequency at Tokyo and Gifu. 
The successive nsjuthly earthquake numbers at each of these two places, 
wlien drawn in <‘ni indicate at once the annual and semi-annual 
periods. 

TJie luetliod of <aiive drawing here adopted is as follows. — Let y 
represent the seismu* fr'e<iuency corresponding to x, the time, which 
latter is generally expressed in months or seasons. Mark down on a 
section i>ai)er so many points ( x ) corresponding to the different sets of 
X and y. Tlien tlio curve is obtained by drawing a continuous free-haird 
line, wliich passes through the mean positions of every two consecutive 
points ( X ) and is everywhere tangential to the broken line connecting 
directly the points themselves. 

The eaiilujuake observation in Tokyo has been done all instr'umen- 
tally* and furnishes us wdtli a very important material for the question 
rmder consideration, as they are not affected by any circumstance which 
may render the accuracy of the observation non-uniform in the different 
parts of the year or of the day. 

Fig. 1, (A), {B), {€), give the graphical representation of 

the variation of the successive monthly earthquake numbers in Tokyo, 
between Jan. 1876 and Dec. 1899. The dotted lines in {A), {B) and {D), 

. '—f . 

* At first Pnlmieri’s Seismograph was used, hut since 1887 the Giay-Milne instmaieBt 
has been used at the Central Meteorological Observatory as stondazd maoroseismic instrameiit. 


liHMm tiirough tite moau prsiiioiiK of tiie origiual onnres, indicate very 
fllMMly the annoAi ]ieriod. On the other liand* tlie run-e in (C) clear! j 
iadictatee tlie semi-auuuiil {>eri<xl. 

Fig. 3 gives the curve of the niouthly earthquake iiuinl>ers at Gifu, 
which inclicates ou the wliolo the siMni-amiual {X'ricxl. For tlic sake of 
oom|)aris(^u, I give in the s^itne figure the curves of the numtlily earth<]uake 
DUml>ers at Nemuro and Njigoya. It will l)0 seen that the X<*mun> cuiwe 
is approximately similar to tha (rifu cuiao so fai* as tlie iiumher and fomi 
of the fiuctiiatioiis are comteriied. On the otln‘i* hand, tlie two eunes for 
Oifo and Nagf)ya, although more or less similar, a sometimes rather 
opposite to each other, as, for instance, at n and h. Tliis indicates that 
the variation of seismic fm]uency may not m^cessnrily lie exactly the 
same even for j>liu*es quite near to one another. 

6 , ami .sui^iaunl st lsf/ilc fiTjiinirlrs at 

Tables II, (-1, 1 -la) and \ H, 1-11), which liave la'cn constructed from 
the origiual reconla ol seismic observatories, give, for eacdi of the latter, 
successive 'rnoiithly and yearly earthquake numliers as well as mean 
monthly and seasonal seismic frequencies. 

' Tlie mean monthly seismic frequency for eacli station lias been 
obtained by adding togetlier all the earthquake iiumliers for a given 
month of the year and hy dividing the sum so dedufH>,(l bv the number of 
the years takeu inbi account. 

In the calculation of a mean montlih' seismic frofiuency at a given 
station I have excludetl those months, whoso seismic frequency was 
4 flE 0 cted by the (ifter sIkk^Ich of a destructive or very strong earthquake at a 
tomparatively near distance ; the object lieing the estimation of the 
seismic frequencies for the diflferent stations in ordinary times, when 
thare is no destructive or great earthquake. llie tnoiitlis thns excluded 
&re each moiked in the tables with an asterisk (*), atid are as follows, — 



Lint of tlvb mojii/ut exdudfid from tJie ocdculdiiion of (fte mean mont/dyfJt^’ 
. (nn'l eeaJional) seinmic f reqtvenches, 


Place. 

1 Month, Year. 

Excluded on account of the after ahoc]^ of 

Tokyo. j 

Oct. 1891. Miiio-Owari Eqke of Oct. 28th- id^l. 

March 1894. Hokkaido Eqke of Marcli 22nd 1894. 

June 189C. Eqke of June 15th 1896. 

Aug. 1897. , „ ., Ang. 5th 1397. 

1 

Nnnmzu ftnd 1 i i qq-i I 

Hamamatsu. | 

Mino-Owari Eqke of Oct. 28th 1891. 

1 1 

Nagova and »» >» >» >» 

Gifu. .lau. — 1894. Eqke of Jan. lOtli 1894. 

1 

Tsu. ' ()<.t. i«:n March 18112; Mino-Owari Eqke of Oct. 28th 1891. 

Kninnnioto. 

1 

1 

July— Dec., 1889, 
Aug. Deo., 1894. 
Aug.— Deo., 1895. 

Kumamoto Eqke of July 28th 1889. 

Aug. 8th 1894. 
„ „ „ Aug. ^7th 1896. 

Kagoshima. 

j Sept. 1893. 1 Kagoshima Eqke of Sept. 7th 1893. 
i Jan. 1894. j „ „ „ Jan. 4th 1894. 

Xemuro. March— Dec., 1894.' Hok aido E(jke of March 22iid 1894. 

j 

Akita. 1 Aug. and Sejit., 1S9G. 

1 

Riku-U Eqke of Aug. 31st 1896. 

Miyako. 

1 

1 Jtzne 1896. 

1 Sept. ,, 

1 Feb. ^897. 

! Aug. „ 

■ Eqke of June 15th 1896. 

Riku-U Eqke of Aug. Slst 1896. 
Sendai Eqke of Feb. 20th 1897. 
Eqke of Aug. 5th 1897. 

Hikone. 

Jan. 1894. 

Eqke of June 10th 1894. 


The mean seasonal seismic frequencies for each station ha^e been 
btained from the mean monthly frequencies, as foUaws : — 





Asttm. Iraq, for S{Nruig=Sain of tMiatu. freq. for March, April, Maj'. 
„ SaiDiiier= „ June, July, Avgust. 

„ Aaiumn= „ Sept., Oct, Nov. 

„ Winter = „ Dec., Jan., Feb. 

Farther for each atation the following abbreviationa am used. 
Monthly seiamic trequencv : — 

a = Maximum inoDthly aeiamic frequency 
6=Miiiimnni „ 
rrrMean 

< 1=0 — 6= Amplitude of variation of monthly ai'iamic fiecpiency ; 

<Z 


ititYili 


uAiamt/> 


e= — = Percentage amount of fluctuation of 
frequency. 

Similarly for seasonal seismic frequency 
yf=Maximam seasonal seismic frequency ; 

Minimum „ .. „ ; 

(7= Mean „ .. ; 

/)= -4 — y?=- Amplitude of variation of seasomd Keiainic frequency ; 
JP=^ = Percentage amount of fluctuation of HonHoniil aeisinic 
frequency. 



TABLE H (Jt. i 

MONTHLY EARTHQUAKE NUMBERS AT SAPPORO. 
Sept. 1876— Dec. 1899. 


Ins tr’i mentally observe<l sinoe Jan. 188.'3. 


YearT^'^^ 

I. 

U. 

nt. 

IV. 

V. 

VI. 

VII. 

VITI. 

IX. 

X. 

XI. 

XII. 

Meazu 

1876 i| 








1 

0 

0 

1 

' 2 

1877 i 

0 

0 

0 

0 

0 

n 

0 

0 

0 

1 

1 

1 

3 

1878 ' 

0 

0 

0 

1 

0| 0 

1 

1 

0 

0 

1 

0 

4* 

1879 ■ 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1880 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

2 

1881 i 

0 

3 

0 

2 

0 

0 

0 

0 

0 

1 

0 

0 

6 

1882 

0 

0 

o 

0 

0 

0 

0 

0 

2 

0 

0 

0 

4 

1883 

1 

2 

0 

2 

0 

2 

o 

2 

0 

2 


0 

17 

1884 

0 

0 

0 

0 

(3 

0 

0 

1 

0 

0 

0 

1 

2 

ISS."* 

0 

0 

1 

0 

0 

1 

o 

0 

2 

2 

0 

0 

8 

1886 ' 

0 

i! 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

1887 

0 

ol 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

2 

1888 ; 

0 

3 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

6 

1889 

1 

0: 

0 

' 0 

0 

0 

0 

o| 

1 

o' 

o' 

0 

2 

189(1 

0 

i 1' 

1 

0 

-1 

1 

(3 

0 

0 

1 

1 

2 

0 

7 

1891 

0 

ol 

0 

0 

0 

1 

(h 

Oi 

0, 

1 

0 

O' 

2 

1892 

1 

0 

0, 

o; 

0 

0 

0 

'> i 

•J 

0 

rt 

mJ , 

1, 

0 

6 

1893 

0 

o: 

2i 

i 0 

0 

3 

0 

0 

0 

1 

1 

2, 

9 

1894 

0 

4 , 

5 

3 

1 

2 

1 

f > 

4 

o ' 

aJ 

2 

o 

1 

30 

1895 , 

3 


0 

! 2 

0 

0 

0 

1 

1 

1 

1 ' 

1! 

10 

1890 ' 

0 

2 

1 

1 

0 

0 

0 

0 

0 

3 

3 

ll 

ll 

1897 , 

0 

1 ■ 

0 ’ 

! 0 

1 

0 

0 

(► 

0 

3 j 

1 0 

1 1 

0; 

5 

1898 ; 

o; 

2‘ 

ol 


0 

1 

1 

0 

1 

, 0| 

h 

1 li 

1 

10 

1899 i 

|| 

I 

0, 

o; 

: 2 

2 

0 

0 

0 

' ll 
' 1 

0 

1 

0 

0, 

. 

5 

Sum. 

ji 

0 

20 ; 

14 

17 

6 

11 

7i 

12 

13 

i'2rj 

l'^ 

12 

156 

; 

Mean i;0.26 

!i 

j 1 

0.87 jO.Ol jO.74 

, . 1 

0.26 |o.48 0.30 lo.52 

i I 

0.54 

0.88 

0.71 

0.50 

6.67 


Spring (III, IV, V) 1.61 

Summer (VI, VII. VIII). . 1.80 (Min.) = R 

Autumn (IX, X, XI) 2,13 (Max.)=.4 

Winter (XII, I, II) 1,63 


Mean Seasonal Number . . 1,67 ~C 

Warmer Months (IV-IX) . , 2.84 D = A — B=. 0.83 E—^ — = 50^ 

Colder Months (X-III) . . .3.83 d=o-6=0.62 




10 


TABLE n 'J). 


UOSTHXiY EARTHQUAKE NUMBERS AT HAKODATE. 


Jail. 1873— Det^. 1899. 


Instnimentally oImotvmI nine* J«n, 1K9S. 




11. 


IV. 

V. 

VI, 

Vll. 

vin. 

IX. 

X. 

XI. 

XII. 


1873 

2 

0 

3 

o 

0 

3 

2 

3 

(► 

1 

1 

0 

17 

1874 


/) 

1 

0 

1 

1 

(» 

i) 

0 

1 

1 

0 

12 

187.6 

3| 

O 

0 

1 

0 

0 

1 

1 


0 

1 

1 

10 

1876 

O! 

0 

0 

1 


0 

1 

0 

1 


1 

2 

(; 

1877 

l! 

1 

1 

1 

3 

0 1 

0 

1 

1 

0 

4 

16 

1878 

ll 

0 

1 

0 

0 

1 

1 

1 

3 

0 

1 

0 

9 

1879 

O! 

O 

1 

0 

o 

•d 

0 

0 

1 

1 

0 

1 

0 , 8 

1880 

0 

1 

1 

0 

0 

1 

i) 

2 

O 

md 

0 

0 

1 

s 

1881 

0 

1 

0 

O 

*■1 

1 

0 

0. 

0 

O 

0 

0 

1 ; 

1882 

0 

(» 

2 

0 

i) 

1 

0 

0 

0 

0 

1 

1 

5 

1883 

0 

0 

1 

2 

0 

1 

1 

1 

2 

2 

1 

1 

12 

1884 

1 

1 

0 

0 

O 

1 

0 

2 

1 

0 

8 

1 

12 

1885 

0 

0 

1 

1 

i) 


3 

0 

2 

1 

0 

0 

u» 

1886 

0 

0 

0 

0 

1 

<» 

1 

0 

0 

0 

1 

0 

3 

lvS87 

0 

3 

V 

0 

2 

0 

2 

O 

0 

0 

1 

0 

10 

1888 

1 

1 

0 

0 

0 

0 

0 

0 

1 

2 

1 , 

1 

7 

1889 

2 

ll 

1 

3; 

1 

0 

1 

1 

1 , 

12: 

1 , 

1 

25 

1890 

i ^ 

oj 

1 , 

0 

1 

1 

0 

0 

0 

o' 

5 ' 

0 

8 

1891 

0 

1 

o; 

2 

0 

1 

1 

0 

o; 

Ij 

ll 

3 

10 

1892 

2 

(»! 

01 

i! 

0 

0 

1 

2 

0 

2 ! 

0l 

0 

8 

1893 

1 

1 

i| 

0 

1 

4 

0 

0 

1 i 

2 

0 ! 

1 

12 

1894 

0 

3 


3 

<> 


1 

0 

oi 

i) 

»d 

3! 

1 

23 

1895 

2 

1 

()! 

0 

1 ; 

1 

0 

0 

0| 

2 

0 

1 

8 

1896 

1 

3 

0 

5 

l| 

! 3 

1 

1 

2 1 


1 ! 

0 

20 

1897 

0 

1 

1 

0 

ll 

1 0 

2 

o 

<'i 


<1 

1 

9 

1898 

1 

0 

o 

2 

0 

1 

0 

1 

1 

3l 

3 

3 

17 

1899 

0 

1 

i) 


2 

1 1 

! 

1 

0 

0 

11 

6 

0 

14 

8tim. 

20 

29 

26 

27 

23 

I 25 

1 

21 

j 20 

19 

38 

35 

23 

305 

Mean. 

0.74 

1.07 

0.93 

1.00 

0.83 '0.92 

|o.78 0.74 

1 

0.70 

1.41 

1.30 

0.85 

113.0 


Spring (m. IV, V) 2.78 

Summer (VT, VH, Vm). . . .2.46 (Min.)=i? 

Autumn {IX, X, XI) 3.41 (Max.) = u4 

Winter (XH, I, H) 2.66 


Mean Seasonal Number . . . 2.82 ~C 

Warmer Months (IV -IX).. 5.00 D = A-B=0M £=^=-^.^- = 34% 


Colder Months (X— III) . . . .6.80 


d=a-b=0.71 e=~=^=76X 
















TABLE n (A, if). ll< 

MONTHLY EARTHQUAKE NUMBERS AT TOKYO. 

Jan. 1876 — Deo. 1899. 

Infitramcntally observed from the very beginniDg. 


V. I VI. I YII. %Tir. IX. X. XT. XIL 


1876 

3| 

4. 

C 

11 

5 

3 

3 

5 

3 

3 

4 

6 

*.66 

1877 

4 

5 1 

6 

0 

8 

u 

6 

4 

1 

8 

6 

9 

71 

1878 

9 

8 

7 

2 

5 

4 

4 

1 

2 

4 

6 

4 

60- 

1879 

6! 

7 

14 

0 

9 

4 

3 

4 

1 

7 

6 

9 

70 

1880 

9, 

f) 

6 

6 



8 

4 

1 

3 

10 

10 

77 

1881 

13' 

8 

8 

8 

4 

9 


■] 

2 

3 

3 

8 

66 

1882 

4' 

7 

15 

<) 

9 



1 

1 

4 

1 

0 

46 

1889 

() 

0 

• 1 
> 1 

3 

6 

0 

9 1 

1 

0 

1 

3 

4 

32 

1884 

0 

0 

8 


: 9 

1 4 

j 1', 

4] 

2] 

i ^ 

s; 

15 

68 

18S5 

r» 

I 

9 

8 

4 

1 

9 

' <; 


*-> 1 

8 

10 

1 1 

, 

7 

68 

1880 

9' 

9 

9: 

0 

1 B 

4 

! 2j 

1 

1 

7 

1 1 

4 

2! 

1 

8 

54 

1887 

10! 

1 

4 

1 

9 

1 ^ 

! 13 

1 

5 

i 0 


1 10 

0 

M ' 

i 

14 

80 

1888 


15 

7 

I 7 

1 11 

1) 

1 

' 

! 11 


1 13 

4 

101 

1889 

^ 1 

16 

11 

18 

i 1*1 

7 

5 

1 

8 

7 

8 

9! 

6 

110 

18<»0 

5' 

5 

6 

15 

I 14 

! 

: 12 

1 

7: 

4 

8 

1 

10 1 

2 

93 

1891 

li 

4 

6 

7 

' 10 

r» 

1 

1 

! 

> 4 

4 

!* 45 

12 j 

15 

123 


9, 11 9, 7 7, 9. 14 *2 1 7; 11 4 1 8| 92 

1899 5 4 O' 7 10 10 4, 9' 6; 3, 9 1 61 

] 894 7 8 * 23 1 11 1 9 9 0 ’ 9 8 4 8 6 101 

1N90 20; 9 8 1 17 1 11 12 II I o 10: 17 6 3 129 

1896 42 ,17 15 1 21 ■ 10 * 51 22 ! 18 ! 7 1 5 ' 7 10 225 

1897 11 18 11; 8 17 6 11 92 5 8| 15! 22 164 

1898 4 8 16 i 17 16 19! 16 19! 15: 5 1 11, 10 144 

: I I I I ; 

■I Of If \ r7 1 -| 1 r7 ! i ij T 8 8' 13; 81 124 

1 I I I 

130 i 181 1 


5.4 5.9 

Spring (HI, IV, V) 25.5 (Max.)=^. 

Summer (VI, VII, VlII) . . 19.1 
Autumn l^IX, X, XI). . . .18.9' (Min.) = .5. 


Winter (XII, I, II) 23.9 

Mean Seasonal Nunil>er. .21.7 =C. 

Warmer Months (IV-IX) . .45.1 J)=A--B=:7.2 

Colder Months (X-HI) ...41.7 d = a-b=Z.Z «=4 = "2 2 * 


168 188 2208 
7.0 7.8 86.8 


t JLi. XI i , o xw 1 


Sum. 199 192 215 205 209 I 202 167 i 1.58 j 


Mr, XU. 8.1; 8.0 8.3 8.5 vS.7 6.0 7.0, 5.5 




IS 


TABLB n 4 ). 

MONTHLY EARTHQUAKE NUMBERS AT KJIGATA. 

April 1886— l>ec. 1809. 

lniitram«iitAlty olMenred mnce Jon. 1891. 


YeorT'^'^i 

I. 

II. j 

in ; 

{ 

IV. ! 

V. 

Tl., 

f 

VII. 

VIII. 

1 

IX. 

X, 

VI 1 
M. 1 

I 

XII. 

Sum. 

1886 



! 

1 

0 

0 

1 

o| 

0 

0 

0 

0 

0 

1887 

0 


0, 

0 

0 

0 

2 

O' 

0 

0 

0 

0 

2 

1888 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1889 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 


1 

0 

0 

0 

0 

0 

0 

0 : 

0 

0 

0 

0 

1 

1891 

2 

1 

0 

29 

9 

4 

0 

Oj 

m 

2 

0 

0 

48 

1892 

0 

0 

0 

0 

0 

1 

0 


0 

o' 

3 

2 

6 

1893 

0 

0 

1 

0 

0 

0 

0 

0‘ 

0 

0 

0 

0 

1 

1894 j 

0 

o 

‘ o 

( . 

1 

0 

0 

4k« 

0 

i 

2' 

0 

8 

s' 

«i 

25 

1895 I 

1 

0 

. 

1; 

1 

0 

5 

0 

0 

») 

0, 


10 

1896 1 

o 

•J 

1. 0 

5 

1 

2 ' 

‘J 

md ' 

5 

12 

2 

2 ’ 

0 ! 

34 

1897 1 

3 

5 

o 

4 

11 

14 

0 

md , 

5 , 

0 

•J 

3, 


4 

55 

1898 ' 

2 

m 

4 : 

2 ' 

7 

1 

6 

0 ^ 

md 

0 ! 

o' 

3 ! 

«! 

0 

27 

1899 

1 

■ 


ol 

0 

«! 

0 

O' 

0 

0 

1 

1 

0 

3 

Sum. j 

12 

11 

iii 

I ! 

43 ; 

1 

29 

29' 

f 

15 

12 

15 

20 

I’ 

13, 

o’ 

1 

1 

1 212 

! 

Mean. | 

0.92 

b.85 0.85 :3.07 !2.07 

1 ' : 1 

2.07 

1.07 

0.S(i 

1 

1.07,1.43 ;o.93 b.43 |l5.G2 

1 1 1 1 


Spring (HI. IV, V) 5.90 (Max.)=^ 

Saniiner (VI, VII, "NTII | . 4.00 
Autumn (IX, X, XI) ... .3.43 
Winter (XII, I, H) 2.20 (M'n.) =:.i5 


Mean .Seasonal Number. .3.90 =C 


>=A-B=3.79 

r- ^ 
L 

1 

" 1,03 

= !>7>o" 

d — a—b=2.64 

d 

f» — 

1 

= 203% 

C 

“0.49 


Warmer Months (IV-IX) .... 10.21 
Colder Montlis (X-IH) 6.41 












TABLE n {A, 6). 


MONTHLY EARTHQUAKE NUMBERS AT NAGANO 
March 1889 — Dec. 1899. 


Ijistiumen tally observed since April 1889. 


Year. * 

I. 

11. 

ni. 

IV. 

V. 

yi. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

Sum. 

1H89 



1 

0 

m 

Iq 


■1 

0 

1 

0 


3 

1890 

2 

0 


1 

0 


0 

0 

1 




6 

1891 

0 

0 

0 

0 

m 


0 

0 

0 

2 

1 

3 

7 

1892 

2 

5 

1 

0 

0 


1 

V) 

2 

2 

2 

5 

21 

1893 


2 

2 

0 

3 

0 

4 


2 

5 

5 

3 

29 

1894 

7 

0 

3 


2 

o 

2 

1 

1 

3 

O 

0 

31 

1895 

3 

0 

1 

0 

0 

0 

0 

» 

1 

1 

0 


6 

1896 

, 2 

4 

k} 1 0 

^ 1 

0 

1 

3 

3 

1 


1 

1 

20 

1897 

' 6 

3 

o 

12 

27 

4 

5 

1 

4 

3 

4 

3 

74 

1898 

0 

3 

3 

1 

1 

O 

3 

1 


17 

9 

7 

47 

1899 

4 


17 

8 

13 

5 

1 

1 

0 

2 

2 


67 

Sum. 

26 

31 

32 

32 

48 

16 

19 

10 

12 

36 

26 

22 

310 

Mean. 

2.6 

' 3.1 

1 

2.9 

2.9 

4.4 

1.5 

1.7 

0.9 

1.1 

3.3 

2.4 


28.8 


Spring (HI, lY, V^ 10.2 (Max.)=^ 

Summer (M;, VII, VIII) .. 4.1 (Mm.) = R 

Autumn (IX, X, XI) 6.8 

Winter (XII, I, II) 7.7 


Mean Seasonal Number... 7.2 —C 

n=A-B=6.1 

.i=a-(i=3,5 e=-^=^-U0%. 


Warmer Months (IV-IX) 
Colder Months (X-III) . . 


12.5 

16.3 

















t4 


TABLE n ui, 0-). 

IfOBTHLY EAHTHgi AKE NUMBERS AT XrjfJJgr. 
Dec. 1884— Dec, 181)9. 


(HkM'notl iion*inAlriim^ntAl]y. 


Month.; 

1 

II. 

III. 1 

IV. 1 

t 

V. i 

1 

VI. i 

1 

vn.! 

1 

vin.' 

1 

■l1 

X. ' 

) 

XI. 1 

i 

XJI.' 

1 

Slim. 

1884 :• 

1 


oi 

! 

n 

t 

1 

i 

1 

1 

i 

1 

t 

2; 

2 

1885 ' 

11 

2 

o: 

9 

0 ‘ 

0 

0 

1 

1 

1 

9 

13 

188<} . 

(1 

9 

1 i 

9 

1 

0 

9 

0 

9 

9 

0 

i 


*> 

1887 ' 

5 

1 


9* 

1 

0 

0 

1 

0 

1 

9 , 

0: 

(►1 

8 

1888 

0 

9. 

21 

1 

2 

1 


9 

0 

9 ' 

9 

9 

9* 

8 

1889 

li 

■ 

1| 


o i 

1 

1 

9 

0 

9 

•> 

0’ 

1 ; 

9 

1899 

2 

9 

11 

O 5 

0 

{) 

1 

0 

2 

9 

1 

2 ' 

13 

1891 

9 

2 

1 

9 

9 

0 . 

0 

0 

1 

"8 

9 

•'1 

15 

1892 ; 

2 

1 

1 

9 

9 

2 

9 

0 

1 

1 

2 


!(► 

1893 ; 

1 

t 


9 

9 

i\ 

9 

1 

1 

9 . 

{)’ 

“1 

r> 

1894 ; 

4 

' 1 

1 ; 

1 

1 

1 

9 

0 

1 

1 

1 ; 

“i 

12 

1895 i 

o 

** 

0 

: 

2 , 

9 

i) 

9 

0 

•> 

i 0 

9 ' 


0 

1896 1 

2 

4 

1' 

1 

3 

• 

0 

i 1 

1 1 

9 

i 9 

9' 


13 

1897 

1 

1 

•1 ' 
•> , 

oi 

2! 


1 - 

! 0 , 

i “ j 

1 

! 0 

1 md 

9, 

i| 

15 

1898 

0 

1 


4 ! 

Oj 

1 0 

1 mi 

3 

! 

i • 

1 

; 1 

3' 

9 ■ 

1 

21 

1899 

1 

1 

1 

! 1 

1 

1 

i 

2 ' 

i 

1 

1 

i <» 

1 

9 


i 1 

1 

9 : 

1 

19 

Sam. :{ 

22 

15 

21 

10; 

19 

12 

8 

1 

! 7 

1 

15 

; 18 

■ 9 ; 

n i 

102 

Meitn. 

1.5 

1.9 

1.4’j 

1 . 1 ! 

9.7 

9.S 

1 7 

j 9.5 

i 

!.(► 

9.71 9.0 

1 

9.0 1 

10.4 


Spring (III, IV, V) 3.2 (Max.) = .l 

Summer ( VI, VII, VIII ^ . 1.8 (Min.,) = /) 
Autumn (IX, X, XI).. .2.3 
\Vint^;r (XII, I, II) .. 3.1 

Mean Seasonal Number . . 2.G =-- 

/j=A-/i = lA A=.^^ = _^2_ = 54«o 

= = r= =-J^=ni«(; 


Warmer Months (lA'-IX) 
Colder Months (X-lII). . 


4.C 

5.8 









IS 


TABLE n {A, 7 ). 

MONTHLY RA.RTHQUAKE NUMBERS AT HAMAMATSU. 

Jan. 1885 — Dee. 1899. 


Observed non-inatruTnentally. 


ilonths.. 

Year. 

I. 

II. 

Hi. 

IV. 

V. 

1 

VI. , 

VTT. 

VIII. 

IX. 

X. 

XI. 

XII. 

Sum. 

1885 

0 

1 

0 

0 

0 1 

0 

0: 

1 

2 

1 


0 

6 

1HH6 

1 


0 

1 

{) 

0 

0 

0 

0 

0 


0 

2 

1887 

3 

3 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

8 

1888 

0 

0 

0 

0 

1 

(* 

1 

0 

0 


1 

0 

3 

1889 

0 

0 

0 

O 

2 

1 

{) 

0 

0 



0 

6 

1890 

1 

0 

0 

hi 

0 

0 

{) 

0 

0 


0 

0 

3 

1891 

0 

0 

0 

0 


0 

0 

0 

0 


13 

6 

39 

1892 

2 

3 

1 

0 

1 

1 

0 

0 

1 

0 

G 

0 

9 

1893 

0 

0 

0 

!) 

0 

1 

0 

0 

0 


0 

0 

2 

1894 

3 

0 

0 

0 

0 

1 

' 0 

Oi 

i (►' 


0 

0 

4 

1895 

; 1 

1 

0 

1 

1 

0 

1 0 

1 

0 


0 

0 

6 

1896 

0 

0 

0 

0 

1 

0 

i 

0 

0 



1 

1897 

i 0 

1 

0 

1 

0 

oi 0 

0 

0 

0 


1 

3 

1898 


i 0 

0 

2 

1) 

oi 0 

0 

0 

0 

2 

0 

4 

1899 

1 

m 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

Sum. 

12 

9 

1 

4 

10 

1 

: 

4 

- - 

1 

2 

3 

25 

16 

7 

99 

Mean. 


0.27 

!o.G7 10.40 

0.27 

0.07 0.13 

0.20 


0.47 

6.31 


Sin-ing (III, IV, V) 1.34 

Summer (VI, \r[I, "VTII). .0.47 (Mm.) = .fl 
Autumn (IX, X, XI) .... 1.63 
Winter (XII, I, II) 1.87 (Max.)=^ 

Mean Seasonal Number.. 1.33 =C’ 

-6=1.00 1 =227X 

c 0.44 

Warmer Months (IV-IX) 1.74 

Colder Months (X-IH) 3.67 















16 


TABLE n M.^). 

MONTHLY l‘l\UTHQrAKE NI MKEKS AT XAfWyj. 
Oct. ‘2Mh 1891 -Dec. 189‘). 


AU inittnim«<tt(ally 



11. 1 

111. 

IV. 

< 

V. 1 

VI. 

VII. 

VIII. 

IX. 

X. X‘. Xll. 

Slim. 

1891 * 

j 








332 *4t.7 U3 

852 

1892 * 43,* 

29 

*16 

*11 

*11 

M2 

* 4 

■ 15 

13 

M2 15 • 15 

196 

18t>3 ■ 8| 

5 ! 

! n 

11 

l<j 

9 

14 

11 

8 

!» 4 8 

117 

94 * 90 * 

29 

*31 

*19 

* 10 

* 19 

* 12 

•• 17 

19 

* 1!> ‘ 10 11 

286 

1895 31 

16 

18 

10 

n 

8 

5 

O 

8 

20 7 7 

143 

1896 ' 16 

8 

24 

12 

6 

!> 

<> 

f* 

i 

13 

0 5 6 

109 

1897 • 6 

0 

, 6 

3 

9 

4 

1 

20 

3 

4 2 2 

65 

1898 , 3 

4\ 

o 

3 

7 

1 

1 

5 

10 

1 

1 3 4 

42 

1899 ' 5 

*2 

6 

7 

4 

•) 

• » 

O 

5 

1 

2 4 3 

44 

Sum. ' 202 

1 1 

97 

115 

80 

6S 

64 

47 

90 

(k; 

399 ; 457 169 1854 

llean. jll.S 

6.5 11.3 

S.3 

7.8 

5.5 

: 2.5 

9.7 

5,7 

6.0 4.2 5.0 

86.7 


Spriiif? (Ill, IV, V) .... 
Summer !VJ,VU. VIII) 

. .27.4 (Max.): 


. .2 ).4 


Autumn dX, X, XI;. . . 

.15.9 (Mill.) 

--// 

Winter (XII, I, II) . .. 

. .23.0 


Mean Seasonal Number 

..21.7.. .. 

•-(’ 

/>=d-/i^ii.5 

I) 1 

"C 1'.9 


d — a—h— 7.3 v 

1 

(■ " 1.0 

-luo.'V 


Warmer Months (IV-IX) 42.2 

Colder Months (X-III) 44.5 




TABLE n (A^'V- 


MONTHLY EARTHQUAKE NUMBERS AT GIFl' 
Oct. 29tli 1891— Doc. 1899. 


All instrumen tally observed. 


TToutlT 


Ycur. 

i T. 

II. i III. 

1 

IV. 

V. 

vr. 

VI T. 

VIII. 

IX. 

X. 

XL. , XII. 

Sum.- 

1891 

•1 

1 1 

i 

L. ' 







017 1086 410 2119 

18!>2 

104i il4 * 87 

i 1 

> <10 

*54 

* 30 

* 35 

"■ 52 

107 

*47 

!* 48 * 39 

867 

1893 

31 

20' 52 

5!) 

32 

12 

18 

13 

20 

19 

10 16 

308 

1894 

02 

14 * 1!» 

^ 8 

f) 

• 10 

19 

- x9 

12 

'* 0 

i* 29 *20 

229 

1895 

21 

17, 10 

24 

19 

18 

8 

10 


18 

0; 7 

172 

1890 

12 

9: 4 

9 

4 

14 

17 

li) 

10 

{) 

7 13 

118 

1897 

OO 

15! 11 

(; 

20 

7 

2 

7 

8 


22 8 

137 

1898 

0 

o: 9 


6 

1 


0 

;) 

13 

16 5 

101 

189!) 

4 

7| 3 

12 

2 

: 2! 

4, 

3 

1 

! 1 

1 

5 

iO, 9 

02 

1 

Sum. I 

322 

202 ; lt)5 

1 ' 

223 

142 

108 ' 

108 

120 

177 

743 124(y 633 4113 

1 ■ 1 

Mean. 

10.0 112.3 jl4.H 

! 1 

20.8 13.8 10.3 

! 

! 9.0 

! i 

8.2 

! 9.7 

12.2 

12.8' 9.7 

149.6 


Spring (III, IV, V) 49.4 (Max.) = .4 

Summer ( VT, Yll, Ylll) . .27.5 (Mm.}= 7^ 

wiiiTer(S’ 1,’ sy ’ y 


Mean Sefisonal Number . . 37.4 = C 


IJ=J-I}=21.9 

E- ^ =. 

1 

= !>»% 

C 

1.7 

d=a—lf=12.6 

c- ’ 

1 

=m% 

c 

1.0 


Warmer Months (IV-IX) 71.8 

(Dolder Months (X-III) 77.8 




1 « 

TABLE n ). 


MONTHLY LAUTHQl'AKK NUMBERS AT TSr. 
July 1889— I)o<‘. 181W. 

Ihstnimentiillj 4tbservf4l sinco IMi. tKliK. 



, 





i 




! 


1 



I. 

II. 

111. 

VI. • 

Y. ! 

VI. ! 

VII. 

VIII 

IX. ! 

X. 1 

XI. ' 

XII. 

Sum. 

Y«»r. 

.... 

- - - 













188H 







1 

o 

O 

4 

9 

9 

9 

ISiM) 

1 

9 

3 

1 

9 

1 

9 

1 

0 

9' 

4 

5 

18 

1891 

1 

1 

o 

9 

9 

9 

1 

1 

9 

■lU 

*^89 

*24 

209 

18;t2 » 

12 

* 1(» 

»7 

4 

1 

1 

1 

( 

•> 

-1 

9 

4 

53 

1893 

‘> 

*> 

o 

1 

1 

1 

•) 

9 

9 

9 

9 

1 

1 

11 

1S94 

12 

1 

1 

9 

1 

1 

0 

9 

9 

9 

3 

1 

29 

1895 

1 

•> 

m* 

9 

1 

1 

9 

9 

1 

9 

1 

9 

9 

7 

1890 

1 

0 

9 

9 

1 

1 

1 

9 

9 

9 

9 

9 

4 

1897 

0 

0 

9 

9 

1 

9 

9 

9 

9 

9 

9 

9 

1 

1898 

1 

9 

1 

O 

9 

9 

9 

1 

9 

9 

*2 

1 

8 

1899 

1 

1 

11 

0 

1 

9 

*) 

(»■ 

1 

9 

1 

1 

25 

Sum. 

32 

17 

20 

15 

r* 

1 

0 

0 

13 

i 

7 

159 109 

, 37 

i 

410 

1 

Motm. 

0 o 

9.8 

2.1 

1.5 

9.7 

9.0 

9.5 

1.2 

9.0 

0.9 

1.1 

1.3 

: 13.5 


Spring (HI, IV, Yt . 1.3 {Ua\.)=A 
Surnmnr (VI, VII, VIII) .2 3 (Mm.) = /? 
Autumn (IX, X, XI) . . .2.0 
AViiit<*r (XII, I, II) 4.3 (Ma\.) = yl 

Moan Seasonal Number. . .3.4 — C 

■>.A-n=u = 60X 

,/=a-/,=1.7 ;L=. 1^=155)^ 


Wanner Months (IV-IX) 5.1 

Colder Moutlm (XTII) 8.4 



TABLE n (A, 11 ). 


MONTHLY EARTHQUAKE NUMBERS AT WAKAYAMA. 
Sept. 1879— Dec. 1899, 


Infitrimeu tally obsorvoci sinco Jan. 188 S. 


Ycar.^"-^ 

I. 

n. 


1 

JV. 

V. 

VI. 1 

1 

VII. 1 

i 

VIII. 

IX. 1 

X. : 

XI. 1 

XII. 1 

Suifi. 

1S79 


1 

i 

1 


j 

j 

i 


2i 

0 

O' 

i 

Ij 

3 

1880 

0 

0 

o! 

li 

o 

0 * 

I 

2 ■ 

0 

0 ! 

1 

0‘ 

1 ; 

9 

1881 

0 

0 

1 

i! 

1 

1 ' 

2 ' 

oi 

O' 

I 

0 

0 : 

0 : 

6 

1882 

1 

1 

0 ■ 

i! 

2 

0 

1 

0 

1; 

0 

1-i 

oi 

10 

1883 

1 

0 

o 

1 

o 

0 


2 ! 

3i 

2 

1 ! 

oi 

IG 

1884 

1 

3 

2 

2 ' 

2 

li 

1 

2 1 

5, 

2 

1 ! 


28 

1885 

0 

2 

1^ 

1 

0 

:i 

] ' 

2 

2 

2 

1 

^ i 
» 

1 

IG 

188G 

4 

1 

4; 

li 

4 

2 I 

0 

(t 

i ' 

3 , 

0 1 
^ 1 

0 

22 

1887 

0 

2 

0 


0 

i! 

2 

1 , 

2 

0 


1 

13 

1888 

o 

0 

0 

1' 

H 

1 ! 

. « 

0. 

2 ’ 

3 

1 ' 

1 ' 

16 

188!) 

2 

3 

2, 

1 

2 

oi 

1 

0 , 

0 , 

1 , 


1 

13 

1800 . 

1 

2 

1 

1 

0 


ij 

0 , 

1 

0 

ll 

1 

9 

1891 ■ 

1 

0 

0. 

o 

2 

2 ! 

0 1 

3 i 

1 

1 

5 

5 I 

2 

25 

1802 

3 

2 

1 : 

• > 
*) 

2 

y>\ 

ii 

1 


2 ^ 

1 ! 

Oi 

21 

1893 . 

1 

0 

2 

1 : 

1 

0 ! 

li 

1 

1 

1 

1 ' 

5 

2 

16 

1804 

4 

1 

0 


3' 

2 

2 

2 

2 

2| 

0 

3 

30 

ls'.)5 

01 3 

0 

2 

oi 

1 

2 

1 

1 

2 

1 

2 

24 

18!)G 

0 

1 

1 

2 

7 1 

3 

0 

1 

1 

2 ' 

3 

0 

27 

1 

1807 ■ 

4 

2 

1 

3 

5i 

4 

0 

1 ^ 

4 

5 

0 ; 

2 

0 33 

1808 ■' 

2 

0 

3 

G 

4 ! 

5 

1 

2 

2 

1 

2 

3 

31 

1899 

2 

2 

14 

3 

1 ; 

3 

4 

1 4 

0 

2 

3 

1 ! 39 

1 

Snin. 

37 

25 

1 

41 

38 

4G 

1 

32 

38 

28 

34 

30 

31 

20 

406 

Mc'iii. 

1.8 

' 1.2 

2.0 

1.9 

2.3 

l.G 

1.9 

1.4 

1.7 

1.4! 

1.5 

1.2 

19.9 


Spring (III, IT, V) 0.2 (Max.) = -4 

Summer (VI, M;L VIII) .4/.) 

Autumn (IX, X, XI) 4.0 

Winter (XII, I, II) 4.2 (Miii.)=fi 


Mean Sensonal Xu.nber . 4.9 =.6' 

Wanner Moiiths (IV-IX) . . 10.8 D-^A - /i = 2.0 JS'=^= =40% 

Colder Months (X-III) ... 9.1 <{^a-b^l.l = 




TABLE n (-i, J'^). 


MONTHLY EXHTHQrAKi: Nl’MliEKS AT HJinSHJ.V.I. 
IW. 1SH4 IW. 


Inst ni men tiiJl)' oljHerAXHl Kince Fell. 1S*.)2. 


Month. 

I. ; 

11. 1 

1 

1 

IH. . 

IV. 


1 

VI. ■ 

vn ' 

Mil. 

IX. 

X. 

XI. 

xir. 

Snni. 

1W4 : 

■ 











1 

1 

18H5 

Oi 

0 

1 

0 

o 

1 

0 

0 

0 

1 

ft) 


T) 

1K8(} ; 

o; 

o 

0 

0 

(I 

1 

n 

1 , 

0 

0 

() 


0 

1SS7 

3' 

o 

1 

1 

o 


1) 

1 

0 

1 

1 


12 

l^ss 

1 


(1 

J 

1 

I 

0 

n 

0 

0 

2 

ft) 

S 

18S‘r 

1 

1 

1 

0 

1 

O 

• t 

• i 

0 

0 

0 

n 


7 

1890 • 

1 : 

i) 

» 

o 

i) 

1 

0 

n 

0 

0 

0 


ft) 

1891 

0 

u 

1 

o 

1 

0 

-> 

2 

{) 

2 

0 

0 

8 

1892 

•1 

0 

0 

0 

0 

0 

0 

{) 


1 

0 

. . 

.1 

1893 1 

0 ■ 

3 

0 

0 

{) 

(I 

1 

0 

1 

0 

0 

1 : 

i> 

1894 j 



<) 

o 

• 1 
• > 

0 

0 

1 

0 ; 

1 

! 1 

' 0 

! 8 

1895 1 

ll 

2 

i 1 

(» 

0 

^*1 

0> 

1 

1 

2 

0, 

2 

1 

i 

9 

1896 j 

1897 1 

1 

, 1 

0 

1 

Oj 

"i 

0 

li 

1 

1 1 1 

' 1 

' 0 

1 

<> 

i 1 

0 

1* 

0 

1: 

0 

! 

0, 

li 

1 i 

; 0. 

1 


1 1 

' 0 

f) 

1898 { 

i 0 

ll 

1 «*: 



o' 

1 1 

0 ’ 

l| 

' 1 

V 

' 3 

12 

1899 : 

2 

li 

I 

2 ; 

1 

--I 

i! 

1 

! 1, 

1 ■ 

0! 

! 

"1 

0 

i 

1 

21 0 

11 

Sura- j 

12 

11 

oi 

1 

10 



9 

1 

1 - 1, 

0 

12 

12 

7 

107 

i 

Mean. 

1 0.8 

0.7 

0.4 1 

1 

0.7 

0.0 

-- 

0.3 ! 

1 i 

0.0 

i 0 . 5 ! 

' i 

0.4 

0.8 

0.8 

0.4 

7.0 


Spring (HI. IV, V) 1.7 

Summer (Yl, VII, VHI; . . 1.4 (Min.) = B 
Autumn (IX, X, XI . .2.0 (^Max.) = yl 
Winter (XII, I, II) . . 1.9 

Mean Seasonal Number. . 1.75 =C 

D=A-B^0.& ^r=^ = _^ = 86% 

ri=a -6=0.5 = =34% 

c 1 .^ 

Warmer Mouths (IV-IX) 3.1 

Colder Months iX-lII) 3,9 




TABLE n (J, 13), 


^EOISTHLY EARTHQUAKE NUMBERS AT OITA. 
Jan. 1887— Dec. 1899. 

All iTiJ-tminentulj^'' <>bsorvetl. 



TI. 

111. ' 

IV. i 

1 

\ ■ 

VT. J 

VII. Tin. i 

1 1 

IX. 

X. 

XI. 

XII. ' 

! 

* 

Rum. 

ISS7 ' 

1 

0 

ol 

1 

9i 

1 

!• 

o' 

1 

1 i 

2 

1 

0 

0 

7 

1H88 ■ 

1 

0 


wi i 
- 1 

«.) 

.U 

0; 



2 

2 

2 

4 

19 

1889 1 

G 

4 

5 

i! 

n 

O ‘ 

8 

G' 

1 

1 

2 

1 

42 

1S!)I) I 

O 

0 

fc/ 1 

4 ’ 

1 

)) . 

3l 

2 

0 

4 

3 

5 

29 

1S!»1 i 

2 

5 

<; 

8 

1 

1 

O i 

*4 ' 

1 


12 

17 

5 

GO 

189*2 

1 

4 

1 

2l 

0 

0, 


0< 

2 

1 

0 

0 

11 

1899 

0 

1 

0 

<< 

0 

(» 

Ol 

« 

3 

2 

f\ 

1 

7 

1894 

4 

0 

0 

1 

■) 

>i 

O! 

1 

n 

1 

0 

0 

0 

8 

1895 

1 

0 

3 

0 

o 

1 : 

0 

1 

1 

0 

1 

1 

0 

10 

189(5 ! 

1 

2 

Oj 

o 1 

1 

1 

2i 

o’ 

2 

0 

0 

0 

0 

10 

1897 

i' 2 

1 

1 

1\ 

“! 

oi 

11 

1 

2 

0 

2 

0 

11 

1898 i 

i 9 

1 

1 

2 ' 

0 

oi 

1 

o! 

1 

5 ! 

«) 

3 

3 

2 

6 

24 

1899 

1 ^ 

5 

.3 

4 

0 

o 
*-* 1 

1 ! 

1 

I 

0 

•J 

1 

1 

2 

2 

26 

Sum. 

i 23 

1 ‘23 

1 

•22 


12| 

14 1 

1 I 

18' 

2G 

I 

28 

31 

j 23 

( 

264 

Mfjiii. 

1 

1.8! 1.8 

1 j 

1 7' 

i.< j 

I 2.2 j 

0.9 j 

1.1 i 

1.4: 

1 

1 

2.0 

|1.2 

2.2 

1 

2.4 

be 

20.5 


Spring (HI. IV. V) 4 8 

Summer ( VI. VII, ATII) . .4.5 (Miii.)= Z? 
Autumn (IX, X, XI).. ..5.8 (Max.) = ..4 
Winter (XII, I, II)' 5.4 

Moan Seasonal Number . . 5.1 =6' 

1>^A-B=IZ £=^=^= 25 % 

d=a- h =1.5 e=il= J-_=88>^ 

C A* X 

Warmer Months (IV-IX) 8.8 

Colder Months (X-IH) 11.7 




TABLE n {A,U)- 


MONTHLY EARTHQUAKE NUMBERS AT KUMAMOTO. 

Jnly 1889— Dec. 1899. 

InKtruttioiiUiU)' c»hnervcd ranoe Feb. 





I. : 

11. 

III. 

IV. 

V. 


VII. viii; IX. j 

1 • 

; X. 

XI. ; XU. 

Stini. 

1889 







*113*243 *41 

*77 

*51 *41 ' 

1 

500 

1890 : 

15 

8 

39 

10 


i 25 

20 19 14 

0 

7 3' 

207 

1891 

8. 

19 

0 

9 

7' 

7 

2 1 0 

11 

9 9 

88 

1892 

3 

3 

3 

3 

7 

3 

4 1 2 

5 

3 2 

39 

1893 

2 

1 

1 

1 

0 

1 

0 0 9 

8 

3 0 

20 

1894 

7 

b 1 

'4 

0 

0 

2 

2 

2^123 *37 

*13 

*17 *12 

219 

1895 

7 

10 

0 

14 

S 

(; 

0 *34 *30 

*22 

*21 *7 

1(J2 

1890 

19 

10 

10 

10 

9 

13 

0 10, 7 

13 

1 3 

111 

1897 

5 

1 

(> 

(> 

0 

(> 

4 3 (» 

0 

2 8 

55 

1898 . 

7 : 

0 

2 

10 

10 

0 

3 10 7 

0 

mi 

0 0 

75 

1899 : 

i 

9 

2 

4 

0 

0 

0 

2 10 

0 

md 

0 2 ; 

32 

Sum. 1 ! 

l' 

82 i 

i 

70 

74 

71' 

79 

72 

150 445 153 

165 

120 93 |157H 

(I 

Mean. 

8 . 2 ; 

7.0, 

7.4 

7.1 

7.9 

7.2 

3.7 5.0 5.0 

0.6 

4.0 . 4.1 ! 

75.0 


Spring (III, IV, V) ‘22.4 (Max.) -=.^ 

Summer (VI, VII, VIII) . 1(1.5 (Min.) = /y 
Autumn (IX, X, XI( . . . .10.8 


Winter (XU, I, II) 18.3 

Mean Seasonal Number . . 18.8 . 

= c 

l)-A-Ii = riS) 

- ^ - 31 ' 

- ~rtr ■ *> 

l)*aJ 

<• 

__ ^ -710' 

- 1.4 

Warmer Montlis (IV'-IX) . 

.37.1 

Colder TifoutliH iX-IU) . . . 

. 37.9 




TABLE n U IS). 


MONTHLY EARTHQUAKE NUMBERS AT KAGOSHIMA. 
March 1885 — Dec. 1899. 

Instrumentally observed since Nov. 1888. 


, Montb. 

1 

II. 

III. 

IV. 

1 

V. 

VI. ! 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

Sum, 

Year. 

1885 

1 

j_ 

1 

0 


1 

0 

1 

1 

1' 

1 

1 

7 

18H() 

21 

1 

1 

0 

{) 

0 

1 

1 

1 

1 ; 

0 

0 

8 

1887 

3i 

1 

0 

2 

i) 

0 

1 

0 

0 

o! 

2 

1 

10 

1888 

4 

9 

6 

(] 

0 


0 

1 

3 

o; 

2 

6 

47 

1889 

3; 

0 

2 

0 

0 

1 

1 

r 

o 

6 

6' 

1 

8 

28 

18i)() 

1 

5 

0 

o 

9 


•> 

5 

1 

1 

0 

2 

30 

1891 

o' 

3 

1 

1 

0 

1 

O 

0 

2 

3 

0 

0 

13 : 

1892 

oi 

1 

3 

o 

1 


0 

f 

0 

o 

0 

0 

11 

1893 

oi 

1 

0 

0 

1 

1 

{) 

0 

1 

^ It 

1 

4 

28 

1894 

#241 

4 

8 

i 

1 0 

0 

! 

' 2| 

0 

0 

0 

0 

42 

1895 

1' 

0 

1 

2 

1 

2 

1 

41 

1 

2 

2 

0 

17 

1896 

0 ! 

1 

0 

6 

11 

t> 

1 

. 1 

0 

o! 

1 

4 

28 

1897 

Oi 

0 

0 

3 

0 

0 

! 0 

1 

; 0 

2 

1 

1 

1 

8 

1898 

0 

0 

0 

O 

*J 

3 

5 

! 

3 

2 

4 

14 

6 

39 

1899 

7' 

9 

;> 

1 

20 

4 

7 

11 

4 

13 

8 ■ 

O 

0 

90 

Slim. 

45 

34 

28 

51 i 30 

1 

1 

25 

21 

27 

49 

41 

1 

27 

28 

406 

T^Foan. 

1.6 

2.4 

1.9 

3.4 

2.0 

1.7 

1.4 

1.8 

2.3 

2.7 ' 

1.8 

1.9 

24.9 


Spring (III, IV, V) 7.3 (M}ix.^=^l 

Suiiiiiier (VI, VII, VHI). .4.9 (Miu.)— R 
Autumn (IX, X, XI; ....O.S 
Winter (XII, I, H) 5.9 

Mean Seasonal Number . . 6.2 =6’ 

/>=^- 7 ?= 2.4 E=J^-=^ = W% 

d=a-h=%0 = — -= 95 % 

0 •Am 

Warmer Months (IV-IX) 12.6 

Colder Months (X-IH) 12.3 




it 


TABLE n (H, /) 

MOKTHLY EAUTHQUAKK NUMBERS AT XEMlltO. 

Jan, 188 r»--l>ef. 18 i»a. 

Inxtriuiu titidly olawrvol tduo(< Aiig. IWWI. 

lluut]i. 

I. II. III. IV. V. VI. VII. Vlll. IX. ' X. XI. XII. Hnni. 

iw. _ __ _ _ 

1885 0 0 a 1 1 4 1 4 7 (i 1 33 

18K<; 2 5 4 3 3 3 2 4 4 5 2 (J 43 

1887 2 2 l> 2 7 2 5 5 1 1 3 3 33 

1888 0 3 4 : 0 1 2 1 2 1 2 1 1 18 

1889 C 3 1 ' 3 7 2 7 3 (i 3 3 4 48 

1899 3 3 3, 6 7 6 0 3 4 2 10 7 54 

1891 2 3 7 3 2 3 3 3 2 4 2 11 45 

1892 5 1 1 2 3 0 2 1 4 5 3 3 30 

1893 3 1, 2 2 4 12 4 5' 5 4 4 2 48 







TABLE n {B, !•). 

MONTHLY EA.RTHQUAKE NUMBERS AT NEMURO. 
March 1894— Dec. 1899. 

All instniinentally i>K4erT©d. 


. Montli.jj 

Yeu;;- ji 

IJ. 

IIJ. 

IV. 

1 1 
V 

! 

: v„. 

VIII. 

IX. 

X. 

XI. 

XII. 

— 

Som. 

1894 

ll 

il 

I 11 


292 

112 

45 

.39 

24 


23 

30 

17 

12 

614 

189.5 

10 

12 

16 

11 

8 

10 

10 1 

11 

10 

7 

11 

127 


4 

3 

7 

5 

7 

7| 


9 i 

11 

1 

6 

8 

83 

B 

5 

<> 

7 

i 6 

5 

o! 

1 

3 

6| 

2 

7 

2 

4 

62 

B ^9 

; 

3 

1 

3 

.5 

■1 


1 

! 

9 

5 

2 

! 

1S99 j 

i: 1 

4 

4 

5 

0 

7 

, 

12 

' t 

1 3 

8 

7 

B 

62 

(v/i 

i 25 

20 

323 

147 

7u\ 

74 

05 

52 

53 

. ._l 

65 

44 


991 

!_ 

(//. 

1 

25 

20 

31 

35 

34 

S’ 

41 

32 

1 !. ofr j 

1 '^'"i 

27 

26 

377 

1 C) 1 

2;? 

21 

25 

k-lO 

35 


29 

1 

27 

1 

31 

33 

34 

38 

352 


(A) Sum of the montlily eartliquuko inirnbei’K, during the six j^ears 
between March 1894 and Dec^. 1899. 


(/?) Sum of the inoiiilily eaiilnjuake iiuinbers, during the five years, 
between Jean. 1895 and Pec. 1899. 

\ C) Sum of the monthly eaiihquake numbers, during the nine 
years, between Jan. 1885 and Dec, 1893. 

The following table has been obtsiined by taking together (/#) and (C): — 


Memths. 

1. ! 

11. 

in. 1 

IV. ! 

V. i 

VI. 

VII. 

VIII. 1 

IX. 1 

X. 

XI. 1 

XII. 

Snm. 

Sum f>t li I' 

c. 1 

4Hi 

47 

56 

57 

09 

1 

09 

i ! 

70 

59 

61 

68 

61! 

1 

64 

729 

Moiin. |: 

3.4 j 

3.4 

14.0 

4.1 

4.9 

4.9 

5.0 

4.2 

4.4 

4.9 

4.4; 

I 

4.6 

62.2 > 


From the above table, we obtain ; 

Spring (III, IV, V) 13.0 

Summer (VI, \T[I, VIII) . . 14.1 (Max.) = .44 

Autumn (IX, X. XI) .... 13.7 

Winter (XII, I, II) 11.4 (Min.) = 


Mean Seasonal Number. .13,0 =6^ 

Warmer Months (IV-IX) . . . .27.5 J) = A-J}=2.7 E=^- = -^=nX 

Colder Months (X-HL) 24.7 d—a—h — 1.6 e = -^ = % 












TABLE n 


M(WTHLY 1:AKTHQI^\KE NUMBERS AT AKITA. 
Jhh. 1883-I>hv 1899. 


litHtraniouttilly ol»>4'‘rv4Hl idmv July isiM. 



I. ■ 

n. 

in. : 

j 

IV 

V. . 

VI. ; 

VII. 

VIII 

IX 1 

1KS3 ’ 

1 ! 

t 

0 

0' 

0 

o' 

<» 

0 

0 

0 

1884 - 

0 

0 i 

1 

o I 

1 

4 ■ 

0' 

0 

1 

0 

!885 i 

<»■ 

ll 

0; 

0 

0 

1- 

0 

0 

0 

1880, « 

<>! 

li 

0. 

2 

o 

0 

1 

0 

(’ 

1887 

l! 

0 

0 

1 

* 1 
• > 

0 

1 

0 

0 

1888 


2 

0 

0 

1 

0 

0 

0 

0 

1889 ; 

i! 

0 

0 

0 

0 

1 

u 

(I 

<• 

1890 j 

0 

1 

0 

0 

0 

1 

0 

0 


1891 I 

0 

1 

0 

1 

0 

0 

0 


c 

18i>2 1 
1893 ' 

n 

0 

0 

0 

0 

0 

1 

i V 

r* 
1 ^ 

; li 

1 o! 

1 

1 

i 

0 

1 

ll 

0 

li 

0 

1894 i! 

' 1 

[ 1 

1 o 

o 

mJ 

i 1 

0 

, 1 

1 

0 

1 i 

0 

1895 j 

! ti 

0 

oi 

i 1 

i! 

: 1 

3; 

li 

0 

1890 ! 

1 

0 

o! 

•> 

1 ^ 

ll 

10 

2 ; 

*071 

‘102. 

1897 I 


;> 

o i 

1 


I ‘-i 

- 1 
i) 

14 

4 

189s II 

i 3 

0 

o 

1 

1 

I 

1 1 

0 

4 

3 

<» 

1899 1 

__i! 

I 

o 

! “! 



4 

7 

2 

1 

3 ! 

I 

Rnni. ; 

12 

10 

11 i 

10 

isi 

1 

22 

24 

90 

no 

Musui. 

0.71 0.91 j0.)>5 

;o.94 

' 

1.00 ;1 .29 

1.41 

1.44 

0.50 


X. 

XI. 

XII 1 

; 1 

1 Sum. 

1 

0 

0 

oi 

1 

oi 

1 

0 

9 

1 ' 

0 

0 

3 

0 

0 

‘> 

•J 

' 8 

0 

0; 

: 

: 8 

0 

1 

0 


i) 

o' 

1 1 

0 

4 

0 

4' 

' 1 ' 

' 7 

0 

Oi 

O' 

‘2 

0 

0 

' li 

1 

3 

0 

0; 


1 

<> 

r* ' 
< 

3| 

i - 1 

i 19 

0 

0 

li 

10 

9 


' 0 

197 

1 

1 

3 

10 

1 

1 

0 

LO 

4 : 

1 

0 

mi 

1 

32 

25 ; 

10 

13 

373 

1.47 0.94 |o.70 

12.11 


Spring (in. IV, V) 2.05 

Summer (VT, \TI VI11>. . .4.14 (Max.) = .<4 

Autumu (IX, X, XI) 2.91 

Winter (XII, I, II) 2.41 (Miu.) = i? 

Mean Seasonal Number . . . 3.03 — C 

Wimner Moatlis (IV-IX) .... 0.64 A-B^l.T^ = 57% 

Colder Months (X-IH) 5.47 d = a-l = 0.97 c = -^- = = 90% 

C 1.04: 



TABLE H 


MONTHLY EARTHQUAKE NUMBERS AT YAMAGATJ, 
Dec. 1889— Dec. 1899. 


Instrumentally observed Rince Sep. 1894. 



' 













Ye^ 

I- 

n. 


IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X 

XI. 

XIL 

Sam. 

1889 












1 

1 

1890 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

s 

1891 . 

0 

0 

1 

4 

5 

0 

3 

0 

0 

0 

0 

0 

13 

1892 

0 

3 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

4 

189:5 ; 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

6 

3 

1894 , 

2 

1 

1 

0 

0 

0 

0 

1 

0 

5 

0 

0 

IG 

18!>5 1 

1 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

7 

189() ! 

5 

1 

1 

7 

7 

■•5 

7 

11 

> 8' 

' oi 

1 1 

1 

1 

1897 : 

1, 

5 

3 

0 

9 

6 

5 

10 

1 

D, 

m 

5 

1 

1898 

•ii 

1 

1 

5 

4 

3 

4 


2 

' 0 

0 

2 

1 28 

1899 . 

1 

", 

3 

2 

2 

1 

0 

0 

1 

1 2 

' r_' 

; 0 ! 

1 

! 0 

0 

0 

10 

1 

Sum. 1 

131 

i 

14 

9 

19 

29 

2G 

20 

32 

13 


"1 

16 

197 

jMeiiii. j 

5 

1 . 3 ! 

1 

1.4 

0.9 

1.9 1 

1 

3.0 

2.G 

2.0 

3.2 

1.3 


0.1 

1.4 

19.7 


Sjmng (III, IV, V) 5.8 

Summer ^VI, VII, VIII) ..7,8 (Max.) =.4 

Autumn (IX, X, XI) 2.0 (Min.) = 5 

Winter (XH, I, II) 4.1 

Mean Seasonal Number. . .4.9 = C 

J>=A-1!=B.H £=_^=_^=118X 

rf=»-6=3.1 

Wanner Months (IV-IX) 14.0 

Colder Months (X-III). ....... 5.7 










m 


TABLE n 4). 

MONTHLY EARTHQUAKE NUMBERS AT MIYAKO. 
Mnicli 188;^--I>ec. 1899. 

obM»rviNi idac? •Iudo IHVG. 


JBOIkUl.1 1 

■' *• ’ 

Taw. . 

1 

11. ' 

III. 

IV. i 
< 

Y. 

1 

VI. VII. ’ 

Vlll.’ 

i 

IX. ! 

1 

X. : 

XI. ' 

XII.I 

Hau. 

1883 


1 

1 

1 

0 

1 

1 

1 

1 

0 

** 

0 

9 

1884 , 1 

0 

0 

0 

3 

2 

Ot 

o 

0 

0 

0 

1 

9 

1885 • 0- 

O' 

0 

1 

0 


0 

0 

0 

0 

mi 

0 

2 

7 

1886 1 

1 

0 

o 

o. 

1 

1 

1 

0 

0 

0 

!'■ 

10 

1887 2 

0 

1 

0 

1 

0 

1 

0 

1 

0 

0 

0 

6 

18.‘'8 0 

3 

0 

1 

1 

0 

1 

1 

0 

0 

0 

2 

9 

18811 *i : 

1 


0 

1 

4 

.> 

0 

0 

4 

2 

2 

20 

1890 0 

0 

0 

1 

0 


0 

0 

2 

1 

2 

1 

9 

1891 0 

0 

1 

4 

1 

4 

3 

0 

1 

0 

3 

1 

3 

20 

1892 1 

1, 

0 

1’ 

2 

1 

3 

1 

0 

>> 

0 

0 

12 

1893 1 ‘ 

0 

0 

0 

1 

4 

5 

1 

4 

2 

1 

2 

21 

1894 0 r 

•2 

7 

.> 

1 

1 

3 

1 

>» 

5 

5 

3 

32 

1895 4' 

1, 

3 

.1 ' 
•d 

3, 

4- 

4 

o 

*4 , 

3 

2. 

1 

3 

32 

1896 'i .5 i 

4: 

1 

16 

1, 

*59 

24 

34 

*28 

7' 

9 

1' 

189 

1897 :j 6 1 

*42 

8 

7 

8 

12 

9 

*42’ 

7; 

12 

l‘-2, 

12 : 

177 

1898 -j 7 : 

4i 

11 

11 , 

7; 

5 

8 

12 

4 ' 

'A 

3 

2i 

76 

1899 , 21 

1 

4 

9 

o! 

<» i 

mi \ 

i 6 

^ ) 
o 

7, 

3 ; 

9 ! 

, 1 

Hi 

1 ‘-2j 

66 

Sam. 32 

63, 

44; 

551 

381 

106 

67! 

106 I 

55 

52 1 

49 

37 i 

704 

Mean, jj 2.0 

1.4 

! o a 


2.2 

2.9' 

3.9 

4.0! 

1 1 

1 

’-<1 I 

3 . 1 ! 

1 

2.9 

i 22 ! 

32.1 


spring (in, IV, V) 8.0 

Summer (VI, VII, VIII) . . 10.8 (Max.) = A 

Autumn iIX, X, XI) 7.7 

Winter (XII, I, II) 6.6 (Min.) = .^ 

Meau Seaeonal Number . . . 8.0 =C 

l)=A-D=ha. E= ^ = 

L/ X.O 

d-=a-h=‘l.Q e = ■= 

c 1.0 

Wanner Months (IV-IX) 17.0 

Colder Months (X-III^ 14.2 



TABLE n {B, sy 


MONTHLY EARTHQUAKE NUMBERS AT ISHINOMAKI. 

Jan. 1886 — Dec. 1899. 


liistnimcntaJly obserred Bince 1691. 


^ Month., 

I. 

II. 

III. 

IV. , 

V. 

\ 

VI. = 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

Sum. 

1886 : 

3 

m 

1 

2 

2 ‘ 

0! 

1 

0 

11 

0 

1 

4 

16 

1887 

3 

B 

1 

i 

()* 1 

0 

2 

1 

0 

0 

0 

0 

18 

1888 

0 

4 

0 

2l 

3: 

()! 

1 


0 

1 

2 

4 

19 

1880 

2 

2 

1 

i) 

(* 

1 

0 


0 

4 

1 

4 

18 

1890 

1 

1 

1' 

2 

] 


1 

1 

4 

8 

3 

26 

1891 

0 

1 

3. 

7 

7 

4 ' 

i) 

3 

6 

10 

24 

13 

82 

1892 

10 

1) 

5' 

!) 

3 

4 

12 

9 

3 

6 

3 

2 

76 

1893 

1 

0 

5 

4 

7 

33 ■ 

24 

14 


12 

25 

9 

156 

1894 1 

2 

O 

! 5 


6 

0 

27 

25 

1 27', 

r6 


7 

139 

1895 

o 

4 

1 

11 

6 

6 

3 


1 is 

1 

2 

3 

60 

1896 

1 

1 

I O' 

1 

i| 

4i 

12 

12 

I 18 

11 

11 

1 

78 

1897 1 

4 

17 

! 1*2 

11 ; 

19: 

1 

6' 

14 

’ 49 

i 7 

13 

12 

10 

174 

1898 ' 

11 

3 

9 ■ 

15 1 

21: 

7: 

14 

8 

i 11 

5 

6 

7 

117; 

1899 i 

2 

11 

7l 

12 1 

4 

1 

3! 

3 

. 8 

; 19 

5 


* 

71 

i 

Sum. ! 

12 

j 

59 

1 1 

54! 

84 : 

85 

77; 

1 

119 

136 

!i08| 

1 87 

!i13 

1 70 

1 

1034 

Mean. 

li 

3.0 

4.2 

i 3.9 i 

1 1 

0.0 ! 

1 

6.0 

5.5! 

1 

8.5 

, 9.7 

1 

7.7 

; 6.2 

1 

1 8.1 

! 5.0 

73.8 


Spring (HI, IV, V) 15.9 

Sammer (VI, YU, YHI) . .23.7 (Mas.)=.-1 

Autumn (IX, X, XIj ....22.0 

Winter (XII, I, II) 12.2 (Min.) —B 


Mean Seasonal Number. .18.4 , 



. -=c 

B=A-B=11.5 

E— -^-=z 

1 

= 629^ 

a 

1.6 


d=za—b=6.7 

e— ^ — 

1 

= 110^ 

c 

0:93' 


Warmer Months (IV-IX). . . .43.4 
Colder Montlis (X-IH) 80.4 









TABLE n 


MONTHLY EAKTHQUAKK NUMBEKS AT FUKVSUIMA. 

May 1889-l)ec. 1899. 

iDHtrumcntaUj ttK'terrec) idhoe March 27th IHiiri. 


• ^ AitiUlll. i 



I. 

il. 

111. 

IV. ! 

V. ' 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

Hum. 

1889 





1 

i> 

0 

2 

1 

3 

8. 

5 

22 

1890 

2 

2 

0 

6 

5 

2 

1 

0 

3, 

3 

4 

o 

32 

1891 

0 

2 

1 

•) 

3 

2 

4 

1 

2 

1 

3 

1 

22 

1892 

O 

4 

0 

4 

1 

i> 


1 

0 

0 

1 

o 

22 

1893 

o 

1 

2 


9 

16 

7 

4 

2 

1 

1 

2 

49 

1894 

1 

0 

9 

T) 

2 

3 

3 

3 

2 

9 

5 

3 

47 

1895 

6 

1 

4 

11 


10 

9 

6 

8 

6 

3 

4 

(W 

1896 

oo 

13 

12 

40 

9 

39 

22 

20 

21 

7 

7 

5 

217 

1897 , 

9 

27 

13 

6 

H 

3 

15 

41 

6 

11 

13 

19 

174 

1898 ; 

8 

3 

13 

18, 

i 

r» 

i 

7 

3 

6 

0 

4 

3 

79 

1899 ‘ 

0, 

5 

11 

13 

19 

o 

4 

12 

10 

17 

23 

26, 

125 

Squi. 1. 

1* 

52 

1 

60 ; 

()7 

105! 

66 i 

1 

1 91 ! 

i 1 

77 

93 

64 

58' 

72 

52; 

857 

ifean, • 

5.2 ' 

6.0 

6.7 

10.5 ; 

6.0 1 

8.3 

7.«) 

' 8.5 

5.H 

5.3 

6.5; 

4 . 7 ' 

80.5 


Spring (III, IV, V) 23.2 

Summer (\T, VU, Vni) . .23.3 (Max.) . A 

Autumn (IX, X, XI) 17,6 

Winter (XII, I, II) 15.9 (Min.)r. /y 


Mean Sea.sonal Xum))er . , .20.1 —C 



C 

1 

2.6 

=39‘\, 

d=a—h—5.S 

e_ - 

1 

=83‘?„ 

c 

1.2 

till 


Warmer Montlw (IV -IX). .46.1 
Colder Montha (X-TTI). . .,34.4 



TABLE n 


MONTHLY EARTHQUAKE NUMBERS AT UTSUNOMIY. 

Jan. 1894- Dec. 1899. 

lUHtninH-titiilly iil)si‘rv«vi ftince July IW;). 


III. I IV, ' V. VI. , VII. VIII. I ly, j X. I XT. XII. 6um. 

L :5 4 ;j -i! 2' 1: ()| 3 3 32 


4 3 2 : 

0 4 2^ 

2 f) 1 

(• 4 r.| 

4 7 7' 

il 9 4 j 

L.3 4 5 1 

3 M Hi 

0 1 G 


4| 3: 

01 1 


2i 26 


’‘i 

3 

3 ; 

3' 

7* 

0 

f> ; 

0 ' 

•J 

10 1 

^1 

11 

ii 

1 ' 

5 

10 

0 

0! 


2 ! 3 1 C6 

0 3 62 

4 11 90 

8 85 

3 1 55 


j. 


00 

1 

1! 

1 

5.4 

1 

1 4.4 

3.7 i 

4.91 

1 


1 

1 1 


39 4G 40 501 28 i 47 34 36 492 

: ^ , L_ .1 

4.3 5.1 5.1 5.0 1 3.1 5.2 3.8 4.0 54.6 


S])ring (in, ly, y )..... . 12.9 

Suniiuer (Yl, Yll, Mill . .15.8 
Autumn (IX, X, XI}. . . .12.1 ^Min.)=R. 
Winter (Ml, J, II) .. ..13.8 


Mean Seasonal Number . . 13.7 = C'. 

I - « = 8,7 K-= = A - = 27 

./ ,•=--= .V = 6.7“„' 


'-'c- 1.8 


Warmer Montlis (lY-IX) . . 28.1 
(Mder Mouths (X-III) .... 26.5 





TABLE n xA, «). 


MONTHLY E.\RTHQUAKE NUMBERS AT MAEBA8HL 
Dec. 1896— Deo. 1899. 


All irDitminrntiiUy itliwrveil. 


Muntii.: 

11 . 1 III. i 

1 

IV. ■ 

• 1 

1 

V. j 

VI. i 

VII. 

VIII. 

] 

I.V. 

X. 

XI. 

XII. 

San. 

1896 

1 

( 

, I 

i 

1 

i 

i 

1 

t 

1 

i 

1 




2 

2 

1897 

1 2 

5 ! 3 ' 

J * 

oi 

4j 

1 ; 

3 

1 4| 

1 

5 

1 

0 

w 

31 

1898 

. 1 

» ^ \ 

1: 31 


0 j 

5 ; 

7 

51 

I Cl 

I 

5 i 

6 

4 

50 

1899 

• 2 

i 1 

1 2 ; 11 i 

6 ! 

1 

1 

0 . 


"i 

0 

4) 

6 

5 

43 

Bam. 

! - 

H* 17'' 

1 \ : 
J 

J 

8 ; 

1 

f" 

4 

6 : 

1 

i 

13 

1 

J 

! 14 

i 

! 10 

I 

!•> 

la 

13 

126 

Veaii. 

j 1.7 1 2.7 '■ 5.7 i 

07! 

: 

%) 0 ‘ 

2.0 1 

4.3 1 

i 

i 4.7 

1 

3.3* 

4.0 

4.3 

3.3 

41.0 


Spring (HI. IV. V) 10.7 

Suininor OY, MI, MH) .. lU) 

Autumn (IX, X. XI) 11.6 (Max.)-- A 

W inter (XU, 1, II) 7.7 (Min .) li 

Mean Sea.sonal Numbt^r . . 10.9 =(' 


D=A-n^'AM 

K=ii - 

_ -380^ 

T’ 

26.4 

(Un-h=4.0 

C- '' - 
V 


W'^arraer MoutliK (IV -IX'. . 

. ...19.3 

t!<>kler Montlis 

(X III).. 

. . . .21.7 











TABLE n {B:9) 


MONTHLY EAKTHQIJKE Nl^MKERS AT HTKONE. 
Jttu. 1894 -D«c. 1899. 

All hisfruTnontullv observed. • 


-^Monta 

Yoar.^^ 

1' 

I. 

. 

11. 

in. 

IV. 

.'■ ! 

\ I. 

VII. . 

YIII.I 

IX. 

X. 

XI. 

XII. 

Sam. 

189-1- 

:^20 

6 

3 

0 

o 
^ • 

7' 

8, 

9' 

1 

4 

3! 6 

69 

1895 

11 

1 

2 

0 


1 

! 

5; 

1' 

7i 

rr ■ 

t 

2 

6 

51 

18J)0 

4 

1 

2 

10 

r> 

l:; 

;) ' 

8 

1 

1' 

1 

2 

58 

1897 

3 

3 

4; 

7 


1 

O'. 

6 

1; 

‘2| 

1 

0 

31 

18i>H 

1 

0 

0: 

o 

u 

0. 

0 

4i 

0' 

li 

2 

0 

10 

1899 

1 

o 

fii 

o 

/> 

-) ' 
-■ 1 

1 

0 

0 

Ol 

4 

1 

26 

Sum, 

1 


17 


‘)8' 

1 

14 i 

1 

"23; 

28 

. .1 


151 

13 

15 

245 

Mtsiiii. 

1 ; 

2.2' 

‘18: 

4.5 i 

3.0 j 4.0 1 

3.8' 

1 

4.7 j 

1.7, 

0 f; I 

2.2 

2.5 

38.3 


Spriii- (III, IV, Y I 10 3 

Suinmor VII, Ylll ) . . . 12.5 (Max.)=..4 

Autumn (XT. X, XI) . . . 0.4 {Min.)=Z? 

Winter iXIl, I, II) 9.1 


Mean Sea.soual Number .... 9.6 = (7 

J- //=0.1 E^^=^ = U% 

d=a-h=ZX) c- = 


Warmer Mouths (IV IX) . . .21.7 
Colder Montlns (X -III) .... 16.6 
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TABLE n (If, h)). 

MONTHLY EAHTHQUAK1-: NTTMHKUS AT KOCHI. 
Jan. 188:i— lX?c. 181KK 


IiiKlnimioilAlly o1v«erTfH) Kinn* IW. 1K93. 



Spring ^ni, IV, V) 1.18 

Summer (VI, ATI, VHI) . . . 1.29 

Autumn (IX, X, XI) 1.11 (Min.) = i? 

Winter (Xn, I, H) 1.47 (Max.)=^ 

Mean Seasonal Number .... 1.28 —C 

n = A-Ji={}M ,.V=29X 

£>.0 

C* 

Wanner Mouths <IV-IX) 2.29 

Colder Months (X-HE) .... 2,76 








TABLE n («, U). 


MONTHLY EARTHQUAKE NITMBERS AT HAMADA. 
Jan. 1893— Dec. 1894. 


Intitmineii tally nbHeiTi'd Hint*e July 1804. 


^iV[onth. 

Ye'ir."' 

I. 

II. ; 

III. 

IV. 

V. 

\ I. 

VII. 1 

1 

VIII. 

j IX. ! 

X. * 

1 

xr. 

XII. 1 

1 

1 Subl 

1893 

0 

2| 

0 

0 

0 

0 

«! 

0 

; 9 

1' 

0 

0 

3 

1894 

0 

01 

. 0 

0, 

0 

1 


0 

, 1: 

0, 

0 

; 

2 

1895 

0 

0: 

0 

0 

0 

0 

o' 

1 

' o: 

2i 

1 

0 

4 

1896 

0 

O' 

0 

0 

o' 

0 

0: 

0 

1 

0. 

0 

; 

1 

1897 

O 

0^ 

1 

0 

0 

ol 

0 

1 

1 

9 

1 

' 1 

7 

1898 

0 

0. 

0 

!'■ 

1 

o! 

0 

2 

■' 0' 

1 

0 

! 2 

7 

1899 

■ 0 

ol 

1 

1 

0 

0 

9 

1 

' 1 

0 

0 

2 ' 

1 

1 1 

& 

Sum. 

o 

2 

o 

ll 

1 

1 

■ 1 

4 

,’'T 

6* 

3 

: 4’ 


Alcan. 

•0.29 0.29 ,0.29 ,0.14 0.14 ,0.14 jo.ll |o.57 

9.43 | 0 . 8 G 0.43 jo.57 

4.29 


Spring (HI, IV, V) 0.57 (Min.)^.R 

Suininer (VI, ATI, ATII) . 0.85 

Autumn UN, X, XI). . . . 1.72 (Max.) =.i'J 

AVintpr (XII, I, H) 1.15 

Mean Seasonal Nunilter . . 1.07 =C 

D=A-H = 1.15 i’=^;-=-^^=107X 

,l=a-h=i).T2 

AVarmer Months (H^- IX) . . . 1.56 
Colder Months (X HI). . . .2.73 
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T. JImmuJ variation rf M^wotir Jivfitvnru. 4(1-5) and 6(1-3) 

Qlwtmte gpraphically tho Yarintion <>f sc^asoiml soisinit^ fnH]iioiicy at the 
4iffereiit stations. 

Comparing Figs 4 ami with em*h other we s*>e tlmt the different 
Stsiious may, aet^inliiig to the cliai'acter of the animal variation, lie 
diTid^M) into two nearly opposite groups (vf ' and i /l\ as follows : — 

The annual variation of seisinie foMpiency at stations iK^longing 
t4> Gmup U'l) indieate.s its soaisonal inaxiinnni in Spring ;in a few 
eases, in Winter), and its tniniiniiin in Slimmer or Autumn (in a 
few cJises, in Winter) : while tlnit at st'itio!)s In^longing to Group 
{B) indie.ites its sea^-fmal maximum in Summer (in one cas(\ in 
Autumn), and its minimum in Winter or Autumn. 

Tlie (A) Gnaip stations an* Tnhtftt, Xntjnutt^ Xutnnzu^ 

Hamamaimy XagoyOy (iH/ffy Tsh^ Wahitfuntti. IJiats/thnay Kfnnatnottty and 
Kagoshima. The annual variation at Siffyntm, llnhAntv and Oita is 
fiomewdiat different from Unit at tlie also’e iiamiMl stations; hut, on aeeouiit 
of the occurrence of tin' maximum in Summer, T Jiave elnssod these? llireo 
places under Group (^f ). 

Tlie {B) Group stations are Xrmtiroy Akita, Yamityafa, MhjakOy 
Ishinomakiy Fnlcnshima, Itsmtoniitja, Mavhashl, llihna\ Hamnda and 
Kochi. 

The division of the various meteorologies'll observatories into tw'o 
groups of (A) and (Ji) as given in Table I is based on tlie classification 
defined above. The same division is used in other tables relating to the 
annual seismic ^a!iat^oll. 

8. Amount of the annual srismir variatian. Table III gives for the 
different stations the amount of fluctuation of the moiitlily and seasonal 
Beismic frequencies, e and E. The symbol S denotes the total number of 
earthquakes observed at a given station wdiich has been utilized in the 
calculation of the quantities c, rZ, c, <7, 1), E. 

The results contained in Table III may be summarized as follows. 
(Hexely Hamaday Hamamatsu and Kochi are excluded, as the number of 
earthquakes observed at each of these three stations is few and less than 



100. Ffartliel’, Niigatfi is also excluded, as the number of earthquakes 
observed, ih A])ril 1891 at this station is 29, which is far greater than its 
usual monthly frecjueucy.) 

Group (A). Ill tlr-^ monthly seisiiiici frequenc}*, r varies between 34 
and 155 J^q anj. lias a nu^an value of 89^^. In the soasoiial soisiUiC 
freqnenc}', K varies botwc^on 25 and and has a mean value of 48^. 

Group (/i). In tlio monthly seismic frequency, c varies between 37 
and 194 and has a. mean value of 9 ‘V'q. In tlic so isoiial seismic 
fr(^(juencv, K varies betwecni 21 and and has a inc'an value of 52®^. 

It is to 1)(! noted that tlio above mnin values the fluctuations have 
been calciilatcal by supposiijg tl trr’tjhf of the quantities e and E for the 
stations, wIk^so iv< a1)ov(‘ 500, to be double that of the coiTesponding 
(juaiitities for tla^ stations, w hos(‘ N is below 500. Similar method has 
been aJopt<‘d in iliHlui iiii!: c(U*ta i other mean values ''on below. 

From th<^ abov(i it will be sihui that the amoivut of fluctuation of the 
seismic fre(iuency is on tlie whole ih' rly same for the stations of Group 
(^1) as for the stations of Group ( /^j ; the mean values of c and E 
being, for each Group, respectively about 90 and 50%, The months and 
seasons, in wliiidi the maximum and minimum frequencies occur, are, 
h<nvev(u*, nearly op])()site in the tw’o groups, 

9. UlsirUHtfioit of (‘arthqnal'r^s in iroDnor mnl voider monthfi. Table IV 
gives for each of tlie stations the mean seismic frequenc}" for the warmer 
and colder months ; tlie tw’o divisions of tlie year being defined as 
follo'ws. — 

Wanui'r April to September. The seismic frequency for 

those months is obtained by summing the frequencies for the six months, 
April to September. 

Colder — October to March, The seismic frequency for these 

months is obtained by summing the frequencies for the six months, 
October to March. 



tABLE m. 


ANNUAL VARIATION OF SEISMIO FREQUENCY. 

>fa>kiunber oi eartiiqniikivj miliEwl in t)i^ d«4lQctii»ix of the qniintitieM <*, cf, 
e«ll«nn month) j e(|k<* nnRi)>er. 


j fDiH^renotf* Wtwot'n !h«* mnx. and min. 
*** I monthly e»jke niini)>rr'<. 

d f Annual fluctuation of the monilily 


f r* Moan HOiMtinal eqko nuiuber. 
/> 


e = 


I aeianiic Ireqiiciicy. in 


E- 


I DiffcremH} Ijctwcpii tbc max. and min, 
NOjiaotuil oqko nnTntK>r4. 

^ I Annual fluctuation (*f the Konaiinal Neiamic 
r \ Ircwjuency, in 


Statiou. 


Monthly 

dittrihniion 


S< a ,0110! 
di'<tjiSution. 


Heninrk. 



C d 


/i 



U) 




• 


Sapporo 1 

u.r>r> 0.02 

111 1.07 

0.88 

5(> 

150 Miijorit} inKlrnruentully riH'onled. 

Hakodate .... 

(».!>4 0.71 

70 2.H2 

(UW 

34 

305 

Tokyo . . 

7.2 :j.:i 

40 21.7 

7.2 

33 

2050 All instniiiicntally rcconliNL 

Niigata* * 

l.rjo 2.C4 

203 3.90 

3.79 

97 

210 Majority 

Nagano 

2.4 :t.r> 

140 7.2 

0.1 

85 

31(> .01 

NuraazQ 

o.y 1.0 

111 2.0 

1.4 

54 

154 All n m-inHtrtiinciitally iccnnlcd. 

Hamamatsu* . . 

(•.45 1.0 

222 l.:53 

1.4 

l05 

99 IM. 

Nagoya 

7.2 7.:t 

101 21.7 

11.5 ' 

53 

520 All inHlruniciitalJ) r**conkHl. 

Gifo ' 

1.25 i-i'* 

101 37.4 

21.9 

59 

8!)8 !>->. 

Tan 

1.1 1.7 

155 3.4 

1.7 

50 

133 Nearly nil Instmineutiilly ivconlod. 

Wakayama 

1.0 1.1 

07 4.9 

2.0 

10 

400 Majorit) iuhtriiiiu ntully iceorded. 

Hiroshinia 

1K58 0.5 

34 1.75 

0.0 

80 

107 I’artJy inKtrunimtalli rec mled. 

Oita ;i 

1.7 , 1.5 ! 

88 5.1 

1.3 

‘25; 

2(i4 Nearly all iuatnni tiilnlly reeonletl. 

Kumamoto j 

C.3 4.5 ; 

7118.8 ■ 

5.9 

31; 

090, lx.. 

Kagoshima .... 

2.1 2.0 j 

95 0.2 ! 

2.4 

39j 

, 305 Jx., 

Mean 

3.28 4.0 ; 

1 ' 

89.13.81 

0.49 

48 

i “ 1 . 

(H) 

! 1 

ii 



1; 

Nomuro . . 

;4.3 1.6 

37 13.0 

2.7 

21 

729 All iDfltriniieiitiilly recorled. 

Akita 

! 1.01 0.97 

' 90 3.03 

1 > 

1.73 

57 

1 204 Miijoii.y „ „ 

Yamagata .... 

■ 1.0 , 3.1 

: 194' 4.9 

5.8 

118 

' 194! Do. 

Miyako 

i2.7 2.6 

! 90 ' 8.0 

5.2 

65!; 533 1>0. 

Ishinomaki — 

j|6.1 0.7 

1 no 18.4 

11.5 

1 

62| 1034 Majority non-iuHtnimentitlly reu.trded. 

Fnknskima .... 

0.7 5.8 

83 ' 20.1 

7.9 

39 

857 Partly instrunientally recortled. 

Utsanomiya . . 

1: 4.0 i 2.5 

1 5513.7 

1 

3.7 

27 

492 Majority inatninientally recorded. 

Maebashi — 

3.4 i 4.0 

1 

I 118 10.3 

3.9 

38 

12(3 All instiuiuoiitiilly recorded. 

Hikone 

I; 3 . 2 ' 3.0 

' 94 9.6 

0.1 

04 

225' D ). 

Hamada* . . . 

li 0.36, 0.72 

i 200 ; 1.07 

i 1.15 

1 

107 

30 Partly instrunientally recordeil. 

Sochi* 

0 . 42 : 0 . 35 ' 83' 1.261 0.36 

29 

i 86 »... 

Mean 

4.11 3.61 

il 1 

1 9312.35 

1 1 ! 

9.57 

52 

LZi 


^^pi^foiirstaHonR marked with asterisks have not been taken into acoount in the deduction of the mans. 


TABLE W, S9 

DISTRIBUTION OF THE EARTHQUAKES INTO THE WARMER 
AND COLDER MONTHS OF THE TEAR. 

M) 


Sbitiou. 

1 Warmer i 

1 Montlia. j 

Colder Months. | 


Sapporo 

00 

3.83 

1.36 *' 

Hakodate 

;■ 5.00 i 

6.30 

1.26 

Tokyo ! 

i! 45.1 i 

41.7 

0.92 ■ 

Niigita* 

10.21 1 

5.41 

0.53 * 

Nagano 

1*2.5 ! 

16.3 

1.30 

Nuriiazii 

4.6 

5.8 

1.26 

Haniauiatsu 

:l 1.74 

3.57 

2.05 

Njigoya 

42.2 i 

44.5 

1.05 

Cxifu 

71.8 ! 

77.8 

1.08 

Ten 

5.1 

8.4 

1.65 

Wakayama 

10.8 

9.1 

0.84 

Hiroshima 

3.1 ' 

3.9 

1.26 

Oita 

8.8 1 

11.7 

1.33 

Kumamoto 

37.1 1 

37.9 

1.02 

Kagoshima 

1 1*2.6 

1 . 1 

12.3 

0.98 

Mean 



1.14 


{H) 



Station. 

'1 Warmer 

1 Months. 

Colder Months. 

Warmer 

-cmr 

Nemuro 

i 27.5 

24.7 

1.11 

Akita 

; 6.64 

5.47 

1.21 

Yamagata 

14.0 

5.7 

2.46 

Miyako 

17.9 

14.2 

1.26 

Ishinoinaki 

43.4 

30.4 

1.43 

Fukushima 

46.1 

34.4 

1.34 

Utsunomiya 

28.1 

26.5 

1.06 

Maebashi 

19.3 

21.7 

0.89 

Hikoue 

21.7 

16.6 

0.31 

Hamada* 

1.56 

2.73 

0.57 

Kochi* 

i 2.29 

J 

2.76 

•0,83 


Mean 1.32 


* The three stations mnrlted with asterisks have not been taken into aooount in the 

f ' 

^lonlation of the mean ratios. 



40 


TABLE ▼. 


MONTHS AND SEASONS OF THE MAXIMUM AND 
MINI MIT M SEISMIC FKBQUENCIES. 

« A I 


Station. 


Max. 

Min. j 

Max. 

Mill. 

Sapfx^rc) 


( )fti*lM*r 

Janiiiiry \ 

Autumn 

Summer 

HakiMljite 


^ » 

SejdiuiiiH'r • 

•• 

; 

Tokyo 

» 

Mhv 

** t 

Spring 

Autumn 

Niigat^i 


A]>ril 


, J 

j Winter 

Kagsiiio 



August 

* « 

i Summer 

Nuinaxu 


Jaimarv 


.. 

i 

1 t« 

Hamamiit'^ii 


N<iveml»er 

July * 

Winter 


Nagoya 


January 

N<>veinlM*r 

Spring 

Autumn 

Gifu 


A]>ril 

August 

* » 

Kiiininer 

Tsu 


January 

July 


Autumn 

Wakayama 


:viiiy 

f F«*liraar\ t' 

1 I >.*«*#* Ill li*»r 

»» 

Winter 

Uirosliima 

r 

January 

JllIH* 

Winter 

Summer 

Oita 

Noveinlier 

May 

Autumn 

** 

Kumamoto 

, 

January i 

.lulv 

Spring 

*» 

Kagoshima 

;i 

A]u*il 

i: 

t* 






(Sp. 10. 

(Su. 10. 

Seasonal distrilnition of Max. ami Min. . 

. .Ja. 3. 

\a. 3. 





(W. 2. 

[\V. 2. 




i/h 



Station. 

i' 

Max. 

Mill. 

Max. 

Min. 

Nemuro 

ii 

!i 

.May 
f J une 
^Tuly 

1 

(January 
'{ Fehriiary ' 

Summer 

Winter 

Akita 

1 

October 

September j 

ft 

tf 

Yamagata 


August 

November 1 

j 

ft 

Autumn 

Miyako 

■■ 

July 

Febniarv 

ft 

Winter 

Isliinomaki 

LI 

ii 

August 

January 

ft 

ft 

FnkusUima 

ii 

Ii 

ii 

i; 

I! 

1 

April 

December = 

ft 

ft 

Utsunomiya 

August 

Septeml)er ■ 

ft 

Autumn 

Maebashi 

March 

January } 

Autumn 

Winter 

Hikone 

i 

August 

September i' 

Summer 

Auturiin 

Hamada 

1 - 

October 

1 April, May, i, 
j Jane, July 

AuUimu 

Spring 

KOcM 

J' 

±_ 

February 

Mhv 

Winter 

Autumn 


(Su. 8. 

Seasonal distribution of Max. and Min. ■! A. 2. 

iw. 1. 


(W. 6. 
■'Al 4. 
l,Sp. 1. 






According to Table IV, the eeismic frequency for the stations ol 
Group (A) is greater in tlie luean ratio of 1,14 : 1 in the colder than infbe 
wanner months ; while for the stations of Group (B), it is greater in 
mean ratio of 1,23 : 1 in the warmer tliau in the colder months. 

10. ' and fieoJioyi') in vhic/i innximum and. minimum. seiAne 

/rejuencivn tnic place. Table V gives for the different stations the moirtlis 
and seasons in which maximum and ininiinum seismic frequencies hare 
taken place. 

The results contained in Table V lasiy be summarized as follows. — 
With losyw'ct to the monthly seismic distribution the months of the; 
maximum and minimum frequencies are widely different for the stations 
of the two groups. With respect to the seasonal distribution, however, 
the result is more uniform. Thus, of the 15 stations of Group (A), 10 
showed the maximum s(‘asonal frequency in Sy^llug an-1 also 10 the 
minimum in Summer ; while, of the 11 stations ol Group ( B), 8 showed 
the maximum in Summer and 6 the minimum in Winter. 

11. Kyoto earth] nah'^. The seismic activity at Kyoto has been 
small in recent years, the. mean annual frequency being only about 6. 
During historical times, lujwever, there were epochs of marked seismic 
activity. In fact the number of eartlupiakes at Kyoto, so far as recorded 
in histories, chronicles, manuscripts, etc., amounts for the time interval 
of 1070 years, between its foundation iu 71)7 and the transfer of the 
Imperial residence to Tokyo in 1808, to 34 destructive, 1 94 /f/ronf/ and 1090 
small earthquakes, making up a sum total of 1318. The monthly and 
seasonal distributions of these earthquakes are given in the following 
tables. (For a detailed discussion on the historical Kyoto earthquakes, 
see the Karthqualce Investigation Committee CaUdoyue of Japanese Earth]uahu 
and Notes upon it. Jour. Sc. Coll., Imp. Univ., Tokyo, Vol. XI.). 



TABLE VL 


1318 KAUTHgUAKES REt'OUDED AT KYOTO. 
BETWEEN 797 AND 1868. 

(1.) Mouthlj Dintributioii. 


January. 

• • - ■ - • 

9r> 

February. 


95 

March. 


132 

April. 


110 

May. 

. . 

113 

June. 

• • . . . < • • . . 

107 

July. 


107 

August. 


124 

Septeinlior. 


87 

(X’ti>ber. 

. 

104 

Noveml>er. 


117 

Decern l)er. 


119 

(2.) Stijusoual Distribution. 


Spring (III, IV, V.) . 301 

Summer (VI, Yll, Vllf.) 338 

Autumn (IX, X, XI.) 308 

Winter (XH, I, II.) 309 





The annual seismic variation at Kyoto, given in tlie aJbove tttldes^ in 
g^pliically illustrated in Fig. 6. The maximum frequency occuzsed in 
Spring and the minimum in Autumn and Winter ; Kyoto is tlierefore to 
be regarded as belonging to Grouj» L I ). 

12. hstwccn the o)iniial s/’lsmic variation (orJ the geograj^fdoai 

jxmtion. As ah'eody stated In foregoing §^, the annual seismic variation 
at the stations of Gronj) i A) is almost tlie reverse of that at the stations' 
of Group (//). To see tlie relation between the annual seismic variaticm 
and the geographicial position of the various stations, I have drawn the 
map (Fig. 7), whore the regions belonging to Group (A) are coloured red 
and thf^s(? belonging to Group t ff) are coloured W«:'. (Some portions of the 
Empire such as the southern part of Kii are left nucolfjured, as indication 
of the want of a peifectl}* accurate; seismic observation. 

Fig. 7 shows that the region belonging to G'./v»,y (A) i.s sep.arated by 
definite boundary lines from that l)elonging to GvJAip (S). Tims the (B) 
tiroup region includes the whole north-eastern part of Japan, that is to 
say, the eastern half of Hokkaido, the San-Biku provinces (Matsu, 
Bikucliu and Bikuzen), the Kyo-U provinces (Uzen and Ugo), Iwaki, 
Iwasliiro, Hitaclii, Shimotsnke, the northern part of Echigo, a greater 
portion of Kotsuke, the northern part of Musashi and a greater portion 
of Shimosa. The vicinity of Hikone (bordering the Lake Biwa) and of 
Hamada, and the southern i)art of the Island of Shikoku also belong to 
the (/?) Group region. The (A) Group region includes the western half 
of Hokkaido and the whole of Japan to the west of Echigo, Musashi and 
the Awa-Kazusa Peninsula, with the exception of a few' isolated portions 
which belong to the (A) Group region, as already mentioned. 

In seeking a possible explanation of this peculiar geographical 
relation of the annual seismic variation, it is to be noted that the principal 
boundary line, (a b c d), between tlie two regions is very similar to an 
isoseismal line or the boundary line of the shaken area of strong' 
earthquakes originating off the south-eastern coast of Hokkai^ or the 
eastern coast of the San-Biku provinces. (See Omori and Hirata^’s paper: 
Earthjuake ineaaurement at Miyako, Jour. Sc. Coll., Imp. Univ., Tokyo, 
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V^oiL XJL) Viom tliis fact we may nappcMif^ that there exists a <Jom 
idatuHi between the annual acnsmio variatiou at a given place and the 
ongina of tlie earthquakes whii*h are felt at the latter. Tii fact, speaking 
generally, we nee tliat th<^ majority of the earthquakes wliioh affect the 
noKih-easteru i>art of Japiui originate under the Pacific. For instance, 
Fnkushima i.s an inland station, it is nevertheloss very sensitive to 
earthquakes originating ofi* the coast of tlie Saii-lilka provinces. On the 
other liand, the majority of tlie i^sirthquakes alT«H*ti:ig the western jiart of 
Japan have inland origin. Amongst others, Nagano, Gifu, Nivgoya, 
Kumamoto and Kagoshima are striking examples of tlie district-i tlisiurlK:c1 
bj 80 many small inland local slsx^ks. The vicinity of Hanmda and the 
southern portion of Shikoku, which ai-e enclosed within the (.1) group 
region, belong to (/ii grouj>, i>n)bab!y as they are affected inosth' by 
eartliquakes of submarine origin. The only apparent exception to tlie 
general role is Hikone, which Indongs to Group (//), but is shaken mostly 
bj earthquakes of inland origin ; it may be, however, tlmt the Tjakij Biwa 
exercises an (X^au like influence on the annual seismic frequency at 
Hikone. On the whole, theiv;fore, we may state : — 

(1| The (A) region is sliakeii mostly by eartliquakiis of inland 
origin ; 

(2) The i//} region is, on the contrary, shaken mostly by 
earthquakes of submarine origin. 

tiet us next consider the ageu(;y which procluces the annual seismic 
▼ariatiou. The principal factor seems liere to be the atmospheric 
pressure, which is an external force acting on the earth's crust and 
produces certain effects on the strains existing in tlic interior or at the 
surface of the latter. Further it may be supposed that, in general, a high 
barometric pressure is accompanied by a high seismic frequency and a 
low barometric pressure by a low seismic frequency. Now, since the 
barometric pressure on land is minimum in Summer and maximum in 
Winter, it looks very natural that the (A) region, affected mostly by 
earthquakes of inland origin, should present the maximum seismic 
fmqusncy in Summer (or Autumn) and the minimum in Winter (or 



Spring). On the other hand, the sea bottom may be snbjeot to % 
slight degree of the effect of the annual variation at barometric preasm^ 
or may even l>e subject to a greater total pressure in Summer than' 
Winter; consequently it may l)e that the {/i) region tends, in contrast'tb 
the neighbouri|ig region, to show a greater seismic frequency '|a 
Summer than in AViuter. Tin? annual variation of atmospheric pressorev 
so far as it relates to our question, is discussed more fully in the next §. 

13, Annual vnrinti'on of harometriv pressxrt’ vi the Northern Pacific. 
With respect to the barometric pressure on an ocean, it is, in the first 
place, to be noticed, as was piinted ont by Dr. (’liarles Davison,* that the 
pressure at tlie sea bottom may not necessarily follow the barometric 
pressure on the surface of the water in it.s annual fluctuation. Supposing, 
for instance, that the barometric pressure lias increased by a certain 
amount, the sea water would be dei>vessed by a prop^ ' imoixit and adjust 
itself so as to keej) the sui-face in e<iuilil)rium ; siwilarly in the case of a 
decrease of the barom<drio pressure, the sea water may rise bj’ a proper 
amount to regain its e<]uilil)rium. Consequently the actual total pressure 
at the sea bottom ma}* not necessarily much vary during the year. 

The second point to be noted in connection with our problem is the 
distribution of the atmosplieric pressure in tlie Norihem Pacific, where 
the barometer is much higher in Summer than in Winter. Thus according 
to Stiller ()vean\, othere is in January and February an elliptical area of 
low baromotri<! pressure (minimum pressure = 752,5 mm), whose major 
axis runs nearly parallel E W and which, with its centre at about the 
Aleutian Islands, extends from the south-west coast of Alasca to the south 
of the Kamtsc-liakka peninsula. On the contrary, there is in July and 
August au irregular olfiptioal area of high barometric pressure (maximum 
pressure =770 mm), whose major axis is nearly parallel to the latitude 
lines, its centre being at about long. 152®^ E and lat. 37°^ N, These 
distributions of the barometric pressure is graphically shown in Fig. 8, in 

* Dr. Charles Da'vison : Philosophical Transactions of the Iloyal Society of l^ndon, 
Vol. 184. 

t Published by Seeioarte, Hamburg, 
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wiileli X is the dietaiice meastimi towards Eaet from au arbitrarily cboaen 
point in the westeru ctmat of the Main Inland at hit. 4U^ (vioinitj of 
Akita), and y is the ('orrespouding; Ijanniietrit* pn'ssure. (The full curve 
refeni to JaiioArv niul F<‘bntarr, while the dotted curve n'fers to July and 
Augnat.) .\c('ordiiig to this figure, it M'ill )>e seen tluit, iininediately off 
the ftasttTU ttMAst c»f tho San-Kiku proviuros tlio iMironiotrir j>n'ssur 0 in 
iiidw\l higher in Winter than in Sunimor. Fn)in alKiut 8(K) Kin off the 
coast, however, the liannnetrio pre^^Hun' in liigher in Sninmer tlian in 
Winter. To get an idea of tlie ndalive hammctric heights in the two 
seasons, we may, for insliuuv, c^mtiiie our attention to t]i<» region Uitween 
long. 14(F E and long. ISO" E (Fig. 8^ ; tlie averngfi atinosplierii- jin^ssures 
aknig tin* latter is 700,5 nun for July and August and 750,0 inm for 
January and Fcdmiary. 

On tlies<^ eousidfrations an* has<*d tin* stnt(*nu*Jits giv(*n at the end of 

$ 12 . 

14. VomfMsriHfjn nf thennuttttl rarlatlon nf s^/onir frcfjK’nf't/ with Ht/tlof 
barometvic prc^urc. Tables VI, VII and VI IT contain the data n(*cessAry 
(or comparing the annual variation of w*isinic fn*quen(*y with that f>f 
barometric pressure for tlie different stations: — 

Table Xl has lieen constructed from Table II and gives the montlily 
and Hea.soual seismic frequencies ; 

Table VII gives tlie mean montlily aud seastmal barometric 
pressures ; 

Tabic VUI gives the s<^*lSonal seismic frcfjuencies cxpresscnl in 
percentages, the annual sfusmic frequency Ixdng, for each station, taken 
as 100^. 






MEAN MONTHLY AND SEASONAL EAHTHQUAKIl NUMBERS AT THE DIFFERENT STATIONS 


Extracted from the “ climate of Japan,” published by the Impe^hd Oextixal Meteorolofpcal Observatory. 
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M£.VN MONTHLY ANI> HBAHONAL HAItOMETUK^ IMtESSUKES AT THE DIFFEUENT STATIONS.* 



TABLE Vm. 


SEA-SONATj variation of seismic FREQUENC’Y 
AT THE DIFFERENT STATIONS. 


Station. 

r Sp. Su. 

•1 

A. . W. 

1 

Station. 

i 

Hp. Su. 

1 

1 A. W, 

Kiipporo 

II — ■ - 

Hz' 0 ' 

' yO 1 zO 

.24.1 19.5 

0/ 1 0 ' 

/O 1 , 0 

31.9. 24.4 

Neninro i 

j' 

()/ 0 / i O' i OZ 
/o /o 1 /'O 1 /o 

25.0; 27.0j 20.3! 21.9 

ilakocinto 

;24,G 21.7 

30.2' 23.0 

Akita i 

21.{): 34.2' 24.0| 19.9 

Tokyo 

2r>.r> 10.1 18.3 23.9 

Yaningata | 

29.4! 39.6 10.2| 20.8 

Niigata 

j 

' 38.7j 2r).8 21.9 14.1 

! 

25.o| 33.8j 24.0 17.6 

Niigano 

; 3r).4 14.2 23.0) 2G.7 

Ishiuomaki | 

21.0 32.2 

29.9 16.6 

Niiniazu 

30.8 17.4 22.2' 29.9 

FT‘*Anshima 

28.9| 29.0 21.9 19.7 

ITanmniatsu 

Nagoya 

! 25.2 8.9 30.7 35.3 
. 31.0 23.0 18.4 20.5 
33.0 18.4| 23.2,' 25.4 

rtsiiiionuyaj' 
^raehashi ' 

1, 

23.0. 5i^,0 22.2 25.3 
26.l| 20.9 28.3 18.8 

Gifu 

Hikont=j 1 

26.9| 32.0 16.7 23.7 

Tsii 

'31.8 17.o' 19.2, 31.8 

ITanimlu , 

13.3i 19.8 40.l! 26.8 

1 1 

Wiikayivma 

i 31.2! 24.7 

23.1 21.1 

Kochi 

23.4 25.5 

22.01 29.1 

1 

Hiroshima 

( )ita 

!; 24.3; 20.0' 28.0 27.1 
'■ 23.5' 22.0; 28.5, 20.5 

1. 1 

! 

1 

Mean. j| 

1 

19.3j 24.0 

1 

18.o| 15.3 

Kuxuamoto 

I, 29.9, 22.1 

22.4, 25.7 




Kagoshima 

!! 29.3! 19.7 

1 

, 1 

27.3' 23.7 

1 




Mean. 

!! 29.1' 20.2 

23.5! 25.8 






rxJmolwl from the *' Climate of .] 



1— t 

1— ‘ 

I— * 

H-* 

H- * 

H- • 

k-» 

k-* 

k-* 

00 

x* 

X 

X 

X 

X 

X 

Xr 

X 

X 

oc 

■X 

X 

X 

X 

X 

—1 

^1 

—1 

-^1 

CO 


wO 

to 


CO 

to 

CO 


ca 

Ci 

Ci 

Ci 

Ci 

Cl 

Ci 

ca 

ca 


ca 


CC 

to 


X 

X 


X 

J- 

01 

J— * 

to 

LO 

X 

Cl 


Ca 

to 

cn 

k-i 


h-* 


to 

<x 

to 


ca 

ca 

X 

Oi 

Cv 


Ci 

cs 

ca 

ca 

ca 

ca 

ca 

LC 

to 

Cl 

CO 

CO 

Cl 

4^ 

4^ 

k-k 

X 

'W 

to 

^1 

Cl 

Cl 



X 

X 


1— » 

tr^ 

1—* 

CO 


1— * 


LO 


X ! 

Ci 

Ci 

Ci 




ct 


Ct 

ca 

»— * 

h— ‘ 

oc 

to 

4- 

LO 

k-* 

LO 

to 

k-* 

Ci 

Ci 

-*1 


to 

ct 

J— * 


Cl 

X 


C'l 


X 

C'l 

X 

to 

Cl 

o 

ca 

Ci 

Ci 

Ci 

Oi 

Ot> 

Ci 

o 

ca 

ca 

ca 1 

oo 

to 

LO 

►— 


CC 

to 


X 


be 

CC 


Lo 

—1 


X 

to 

4^ 

4- 1 

It-* 


Cl 

LO 

Cl 




w 

to 1 

Ci 


C*! 

Cl 

oo 

Cl 

c» 

Cl 

ca 

i 

Cl 


to 

to 

^1 


to 

to 

—1 

k- ^ 

to 


Ot 

LO 

X 

►-* 

to 

CO 



to 


!♦- 


—1 

CC 

k-* 

o 

Cl 

—1 

CO 

CT 

C’T 

C'l 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 


X 

JVO 

Oi 

x 

X 

X 

7^ 

X 



Ct 

CO 



cr- 

i— ‘ 

Vo 

C 1 

to 


C'l 



CO 

X 

4- 

ca 

X 

X 

Cr» 

cn 

Cl 

Cl 

Cl 

Cl 

c* 

Cl 

Cl 

55 

po 


^1 

pc 

X 

o* 

pe 


ao 



CO 


bl 

to 

bl 


ca 

io 



>c* 


1— 

•^1 


•u. 


H— 

X 

in 

Cl 

Cl 


C'l 

Cl 

Cl 

Cl 

Cl 

ca 


—1 

5 ^ 




—1 

X 




Cl 

Cl 

Ct 

LO 

X 

to 

-* 7 *. 

X 

k-* 

C’l 

X 

to 

LO 

X 

Oi 

kr* 

X 

Cl 



Cw 


Oi 



Cl 

Cl 

ca 

Cl 




»— • 


— • 

to 

Ca 

1—* 

to 


if 

Vo 

»— » 


X 

to 

Cl 


CO 

r^ 


Cl 


— 



X 

to 

to 

Ci 


Ci 




CJ 

ca 

ca 


cc 

CO 


^»o 

lO 




7-* 

w 


Cl 


X 




*x 

*x 

X 

CO 

CO 


•• 

to 

Cl 

X 

c- 

to 






Ci 

Ca 

cti 



Cl i 


to 



iC 


to 

c« 


! 


o 

to 


Uo. 


ca 

CO 

Ci 

4^ j 


CO 


•^l 



wl 

Ct 


.^. i 

Ci 

-i 

s 



Ci 

Cl 

■ ^ 


ca 

to 

lb 

CO 



JO 



X 

s 

to 



Oi 

'p-mt 


*3 

X 

CO 

o 


Cl 


iO 

o 

to 


to 


»— ►i- ^ ^ ►-* IM* »«• , g 

tO to VI? 


TABLE IZ. 




m 


Fig. 9(1 4) and Fig. 10(1-3) give graphical illnatration of 
Toriations of the monthly seismic frequency and barometric pressure lotfr 
some typical stations, as follows ; — 

Fig. 9. (A group stations)- (1 1 Tokyo; (2) Nagoya; (3i Gifu; 
(4) Ktiinainoto. 

Fig. Kt (fi group slationsi: (1) Ishinomaki ; (2) Fukusliima; 

(3j Utsmunniya. 

For I’nl'f/n, Na^jofffi, Gif a and Knniot>i<>b>y the curves of the seismic 
fre<|ueucy are much siinilar to those of tlie barometric pressure. The 
minima of tlic' seismic fre<juem-y (x-enr in *Tuly, August or September, 
while the minima of baioinetric }>ressiiie occur in June, July or August; 
the two set of the minima thus occurring practically at the same period 
of the y(!ar. On the other hand, in the cases of Inhiv(>n»aki, Fuhushima 
and Vtsawnaijia, the curvtis of the seismic and barometric variations are 
almost opjxjsite to one another. 

In the case of Tokyo, the parallelism of the seismic and baiometric 
annual variations may at once lie seen by directly plotting in curves 
tlio two quantities for successive months or every two successive months. 
(Sec Fig. 2.) Table IX gives the mean monthly barometric pressure in 
Tokyo during the 10 years between 187() and IHK;"). 

From Fig. 9, it will be seen that the seismic curv-e for Tokyo 
indicates priuci]>ally the annual period, while those for Nagoya, Gifu and 
Kumamoto, show each, besides the annual period, also more or leas 
definitely the semi-annual periotl, jus indicated by dotted lines. 

Fig. 11 (1) show-s the variations of the mnivtldy seismic frequency and 

the barometric pressure meaned from the 15 stations belonging to the {A) 

region. The seismic curve indicates maxima in January, April and 

October, and minima in February’, July to September, and December. 

The mean curve drawn in dotted lino will be seen to be, in the main, 

• / 

similar to the curve of the barometric pressure. The latter iudicafes 
maxima in November, December, January aud February, and minima in 
June, July and August. 



11 (2) kIiovk nimilarly tl)6 variAtiv>UH of the mont-My eeismic 
fcM}ueucy and the hammetric prensare nieaiied from tlie 9 etatioua 
twilnnginc to the {B) region, Humatln and Koi'hi lieing not included. The 
Minuc curre indicates niuutna in April, Auguat and November, and 
minima in Jauuaiy*, May and Septeinlier. Tlio dotted cun'n drawn 
ttoough the mean ]X)eitiona of. Uie aeismic curve will lie seen to l)e 
synunetricalU' opjiosito to the barometric cnrv«*. The latter indicntea 
maxima lietween Octolier and March, and tninima in June, July and 
Avgoet. 

The data ooutainod in Tables ^TI and VIU are illustmted in Fig. 12, 
tiw fuU curves slj<nviiig the variations of tlxe seasonal soisinic froqiioncy 
and the Uan'iinctrie pn^ssuiv na^aiKHl fn>m all the stations In^longing to 
region ; and tJw d«>tt<‘d <-unes tli** similar variations in<>aned from 
nU the stAtioLis lielonj^iiig to the li region. The haroinetric curvo for 
rej;ion inclit ates the niininiiiin in Siunim^r and the maximum in 
Winter. The haixnnt'tric curve for the f/^; region is very similar to that 
for the (.1) iTgioii, showing likewise the niininiuin in Summer and tlie 
maximum in Winter. On tlie other haml, tli<* seismic curve.s for tlie two 
regions are almost perfectly opjK>site to fine another. Thus tlie curve for 
the (>1) region indicates tlie inaxinmni in Spring and the minimum in 
Sommer; while tlie curve for the (/>) region indicates the njaxiiiuim in 
Sommer and the miiiimuiii in Winter. On the wJiole it will he fw^eii that 
lor the (A) region tlie seismic and baronielrit^ variations are similar to one 
aigither, wliile for the (7^) region these two variations are mutually 
opposite. 

What has thus far been said is an explanation of the suppositions- 
stated in §§ 12 and 115. Our conclusions are as follows. — 

(A) region : the earthquakes are mostly of inland origin and the 
annual variation of the seismic frequency follows that of the 
barometric pressure. 

(B) region : the earthquakes are mostly of suboceanic origin and 
the annual variation of the seismic frequency is the reverse of that 
of the barometric pressure on land. 



III. iJiumaJ Va riot urn ff the Seif>mic Frequency. 

15. Diurnal distt'Undlon af eniihquaken. Tables X (l--2fil give HiB 
diuniAl (as well as the aimual) distribution of earthquakes for theM 
diffisrent station.^. 



TABLE X 


USMUBO, DIURNAL DLSTRIBl^llON OF IWl EARTHQUAKES * 
March ‘i3ni 181>4— Dec. Slst, 1899, 

Ail iiiHtriimoi&tAllj oUwenetl. 

: ^ 

1 ‘ n. III. IV. V. VI. VII. VIII. IX. . X. XI. XII. Hum. 

Hmur. 

Tr”ir ' “ - - _ . 


0- lain. 

41 

1 

19 

4> 

i\ 

2 

1 

4 

4 

2 

0 

(» 

39 

1 2 

1 

3 

7 

4 

4 

3 

4 

2 

1 

4 

3 

Ij 

40 

2- 3 

0 

4) 

11 

10 

1 

3 

3 

1 

{) 

4 

3 

‘> 

“'I 

3 

40 

3- 4 

1 

{ 

0 

19 

« 

1 

4 

3 

3 

4 

4 

3! 

2! 

50 

4 - r> 

1. 

1 

22 

3 

i 

4 

2 

2 

1 

0 

0 

j 

•'^1 

50 

5- « 

2 

•> 

23 

3 

r> 

3 

2 

2 

1 

0 

, ! 
2 

1 

48 

6- 7 

2 

2 

19 

f" 

1 

r» 

1 

1 

1 

1 

0 

3 

1' 

44 

7 8 

l; 

1 

21 


4 

4 

.3 

2 

2 

3 

i 

1; 

50 

8- 9 

1 

1 

0 

1 

13 

10 

r> 

•> 

• > 

4 

1 

2 

0 

3 

0 

44 

9-10 

1 

(►, 

0 


5 

2 

• » 

• > 

3 

2 

2 

i) 

•i 

5' 

37 

10-11 

2 

1 

7 

10 

4 

5 

2 

3' 

3 

0 

md 

1 

2 

2 

43 

11-12 

i 

i; 

4 

12 

10 

4 

4 

4 

3 

{) 

f) 

4i 

O' 

53 

0- Ip.m.' 


o 

IK 

O 

5 

5 

O 

1 

1 

2 

2' 

0 

41 

1 - 2 

1 

3 

0 

K 

4 

2 

1 

2 

2 

2 

0 

0 

% 

1 

20 

2- 3 

1; 

0 

7 

."i 

O 

•) 

1 

2 

2 

4 

1 

^‘1 

25 

3- 4 

1 

i 

3 

14 

r» 

o 

1 

(» 

1 

1 

(> 

3 

1 

*2 

1 

4-5 ;; 

I 

0 

1 1 

0 

13 

3 

3 

2 

4 

7 

”) 

0 

"’1 

0 

44 

6- 6 

1 

1 

o 

10 

(> 

r> 

<> 

5 

1 

2 

0 

2 

2’ 

1 

' 42 

1 

6t 7 i' 

J 

2 

0 

12 

4 

3 

5 

1 

‘> 

3 

4 

1' 

1 

1^ 

1 

38 

1 

7- 8 

0 

1 


9 

3 

3 

2 

1 

2 

2 

1 

1 1 

3 

i 43 

1 

8- 9 

0 

I 

1 

11 

14 

f) 

0 

»> 

*j 

1 

1 

2 

3 

1 

1 

1 

9-10 

='i 

1 

18, 

3 

,1 

1 

o 

mJ 

2 

4 

3 

1 

1 

1 

1 

i 41 

iO-11 

0 

0 

41 

5 

2 

0 

3 

3^ 

3 

3 

1 

1 

0 

30 

11-12 

1 

1 

1. 


4' 

1 

2 

1 

1 

3 

1 

r> 

1 

4 

1 

2, 

1 

3 

37 

Sum. 

26 

26^ 

323j 

147j 

79 

1 

74 

1 


52! 

1 

“53; 

"^1 

44 

38 

991 


♦ The great Hokkaido Earthquake happened on March 2'ind 1894, at 7 h 56 m p/m. 
(iV^tiro). The present table includes all the eartliquukes which took place since the 
Mkwing aay, March 23Td 1894. 
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TABLE X (n 

SAPPORO. DIURNAL DISTRIBUTION OF 153 EARTHQUAKES. 

Sep. 1876— Dec. 1899. 


Instrumentally observe**! sinoe Jan. IhSi, 


, Month. il 

I. 

1 

11. : 

III. 1 

IV. 1 

V. 

VI. , VII. . 


IX. 1 

1 

X. 

XI. 1 

XII. 1 

{ 

1 

Sum. 

h h i| 

0— la.m.lj 

0 

1 

0 

2! 

0 

o': 

i 

1 

ll 

i 

1: 

1 

1 

i 

0 : 

o| 

7 

1 o 'i 

^ “ !, 

o' 

1 

1 

1' 

o' 

ll 

i) 

(J 

1 

0 

1 

(1 

1 

oi 


2, 

6 

cc 

1 


3. 

1 


0 

2' 

0 

1' 

0 

o| 

o' 

0 

'7 

3- 4 

<>! 

i) 

0 

2* 

1 

1 

0 

1 

0 

1 

1 

1 

3 

1 

(»i 

1 

9 

4- 5 ^ 

1 

i; 

3. 

0 

(V 

0 

1 

1 

0 

1 : 

1 

() 

o' 

o' 

1 

7 

5- 6 , 

i 

0 

1 

1 

0 

0 

0 

1, 

1 

0 

0 

1 

2 

0 

6 

6- 7 

I 

0, 

1 

0 

0 

0 

o' 

0 

oi 

1 

1 

2 

0 

6 

oc 

1 

o'; 

{) 

1 

0 

0 

{) 

1 

1 

0 

O' 

1 

1 

0 

1 

6 

8 9 

1 

1 

O 

0 

1 

0 

0 

0 

0 

1 

1 

O' 

0, 

0, 

6 

9-10 ; 

1 

o: 

1 

1 

0 

0 

1 

0 

1 

0 

li 

1 

1' 

2' 

1 

■8 

10-11 ' 

ij 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

! 

0 

0 

oi 

2 

11-12 

o: 

i 

2 

0 

0 

0^ 

o: 

1 

1 

0 

0 

_ J 

0 

1 

1 

1 

‘■*1 

6 

()-- Ip in.' 


0 

1 

0 

J, 

2'. 


1 

'\ 

) 

0 

1 

2! 

1 

1 

8 

1- 2 

Oi 

1 

0 

1 

0 

0 


0 

0, 

0 

0 


0 

1 

2- 3 

o' 

2 

0 

0 

o' 

1 

0 

0 

0! 

1 

0 

0 

0, 

1 

3 

3 4 

0 

0 

0 

3, 

1 

o! 

I 

i! 

1, 

o' 

O' 


Oi 

Ad, 

1 

9 

4--- 5 

1 

0 

1 

1 

1 

1 

o' 

1 

o' 

1 

0, 

1 1 

0. 

1! 

1 

0 

0 

5 

5- () 

i: 

0 

1 

2 

1 

0 

1 

0 

: 

1 

0 

0 

0, 

1 

3 

0 

1 

0 

1 

7 

0- 7 

0 

0 

1 

0 

l! 


0 

1 

2 

. o' 

1 

0 

Oj 

0 

4 

7- 8 

1; 

2 

2 

0. 

o! 

1 

ll 

1 

1 

0; 

0 

1 

1 1 

2 

2I 

: 0 

11 

8- 9 

o| 

0 

0 

1 

li 

1 

o: 

0' 

0 

! o' 

1 1 

1 

0 


i ® 

9-10 

o; 

0 

1 

1 

0 

1 

o' 

0! 

1 

I 1 

!■ 

3 

0 

1 

8 

10-11 


0 

1 

2. 

1 

0 

o' 

ll 

1 

2 

( 

2 

1 

1 1 

0 

10 

11-12 :! 

i 


1 

2 

o' 

0; 

! 

2! 

i 

ol 

_l 

2 

1 

li 

! 

0 

0 

! 

1 0 

! 

.8 

! 

Sum. 1 

0 

20 ; 

131 

'’'i 

1 

0 


7, 

11 

13' 

201 

17 

12 

153 



TABLE X {3). 


HAKODATE. DIURNAL DISTRIBUTIDN OF 300 
EARTHQUAKES. 

Jiiu. 1873 — D»h\ 1800. 

Instniinentidlv lancc JAn. lut, IK^b. 




UtoorT' 

1. 

II. 

III. 

lY. 

V. 

VI, 

VII. VIII., 

IX. i 

X. 

XI. . XII. 

Rum. 

Hf h 

0- lH.ni. 

1 

2 

(» 


*2 

0 

1 

(I 

2 

0 

2 

1 

0: 

14 

1- 2 

u 

1 

0 

1 

0 

1 

1 

0 

1 

1 

3 

4 

15 

2- 3 

1 

1 

1 

O 

1 

O 

1 

1 

0 

3 

1 

1: 

15 

3- 4 

3 

1 

1 

2 

1 

0 

1 

1 

1 

1 

0 

0 

14 

4- r> 

1 

1 

1 

2 

i ) 

1 

(I 

1 

0 

1 

0 

0 

8 

6- 6 

0 

3 

1 

1 

1 

0 

1 

1 

0 

1 

1 

3; 

13 

6 7 

1 

0 

0 

(► 

2 


1 

0 

0 

0 

2 


8 

7- 8 

1 

1 

1 

1 

0 

1 

3 

1 

0 

0 

0 

0 

11 

8- 9 

0 

o 

0 

2 

1 

1 

0 

(» 

0 

1 

1 

oi 

8 

9-10 

0 

0 

3 

2 

0 

1 

0 

0 

0 

0 

2 

2. 

12 

10-11 

1 

2 

0 

1 

{} 

0 

0 

0 

1 

4 

2 

0 

11 

11-12 

J 

■ 

0 

0 

0 

<» 

1 

1 

1 

0 

1 

0 

1 

1 

7 

■an 

2, 

1 

0 

1 

0 

3 

3 

2 

0 

3 

1 

2 

1 

18 

1- 2 1 

1 

0 

1 

0 

1 

1 

1 

0 

1 

1 

0 

0 

0; 

8 

2- 3 1 

0, 

2 

2 

0 

3 

0 

0 

1 

0 

0 

md 

1 

1] 

12 

3- 4 

1 

0 

0 

1 

1 

1 

1 

0 

0 

4 

1 

■ 

10 

4- 5 

1 

4 

2 

1 

1 

1 

1 

1 

0 

md' 

1 

0; 

3 

u 

! 17 

1 

6- 6 

1 

1 

1, 

3 

0 

0 


3 

1 

0 

O' 

0 

0 

1 

11 

•6- 7 j 

t 

0 


1 

2 

1 

1 

2: 

D 

1, 

0, 

2: 

1 

2 

2 

16 

7- 8 j 

V 

1 

3 

1 

2 

2 

O' 

3 

0 

2' 

i 

2 

1 

4: 

1 

1 

2 

22 

8- 9 1 

1 

0 

1 

1 

0 

1 

2 

0; 


1; 

I 

1 

2 

10 



; 1 

1 

2 

3, 

1 

1 

0; 

0 

1 

31 

1 

i 

I'l 

0 13 


2 

o' 

2 

1 

1 


0 

2', 

1! 

1 

1 

2 

1 

2 

14 

! 

11-12 


3 

1 

o 

1 

0 

1 

0, 

1 

2; 

-._.i 

0 

1 

1' 

__ 1 

1 

1 

1 

1 

1 

1 

14 

Bum. 

20 

29: 

25, 

27 

1 

22 

1 

251 

21' 

1 

19I 

n 

- IBi 

38 

34 

22 

300 






'It 

table X t 4 \ 

AKITA. DIURNAL DISTRIBUIION OF 373 EARTHQUAKES.. 

Jail. 1883— Dec. 1899. 

InHtnimentally ohs«TvM nitica July, 1S94. 



* la deducing the sums for 5-6 p.m. and G-7 p.m., the August numbers have been exciUde^ 
•on account of the after shocks of the great Biku-TT earthquake of Aug. Slat, 1893. 
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TABLE X (^). 


MiYAKO. Dll TRNAL DISTRIBl/TION OF 704 EARTHQUAKES. 

Mairh. 1883— Dec. 1899. 

InKtram«atalljr olMrtrv«>d tdnm Jane IMNt. 


Hour. 

I. 

IL 

ni. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

i 

XL 1 

xn.; 

Sum. 

ii h 

U la.m 

1 

4 

o 

5 

1 

4 

1 

7 

O 

md 

y 

i 

1 

o' 

•i 

ll 

31 

1 2 ■ 

0 

t 

4 

0 

4 

o 

1 

4 

4 

4 

2 

3* 

1 

1 

29 

2- 3 

5 

3 

0 

2 

4 

3 

3 

0 

2 

1' 

3 

4 

30 

3 4 

1 

o 

3 

o 

1 

3 

1 

O 

o 

2 

3 

1 

l' 

23 

4 5 

2 

3 

O 

4) 

0 

3 

3 

4 

1 

O 

0 

2 

24 

6- 6 

1 

5 

(» 

:i 

3 

1 

0 

3 

1 

1 

2' 

3 

0 

22 

6- 7 

0 

3 

1 

o 

(» 

0 

5 

2 

1 

0 

2 

1 

23 

CO 

1 

1 

o 

md 

1 

o 

1 

4 

4 

4 

3 

1 

o 

r 

20 

i 

00 

1 

3 

3 

o 

2 

7 

2 

5 

2 

1' 

1 

5 

0 

33 

9-10 [ 

o; 

1 

1 

7 

2 

4 

3! 

10 

2 

0 

3. 

1 

34 

10-11 i 

o 

1 

0 

1 

3 

5 

8 

8 

1 

1' 

3 

o 

M, 

35 


11-12 

r 

0 

0 

1 

1 

2 

5 

0“ Ip-m.'i 

1 

3 

0 

3 

2 

2 

1- 2 ; 

2 

3 

0 

dj 

2 

1 

10 

2- 3 1 

2 

3 

0 

2 

0 

3 

3- 4 ! 

1 

2 

4 

1 

2 

5 

4- 5 


0 

2 

2 

0 

4 

6- 6 i 

1 

< 

5' 

3 

0 

4 

6- 7 

1 

Ij 

1 

li 

2! 

3 

7- 8 

4 

2 

1 

0 

4 

2; 

3 

00 

t 

1 

2' 

1 

3 

1 

3, 

3' 

1 

8 

9-10 

0 

2 

j 1 

1' 

1 


6 

10-11 

5 

i "l 


0 

1: 

1 

0 

11-12 

0 

2, 

l__ 

2 

1 


0 

8nju. 

32 

03! 

1 

44| 

55 

1 

38j 

100 


7 5 4 ‘2 3 30 

! I ' 

1 3 3 2 2 1 23 

j 

2 3 3 3 2 4l 37 

0 1 1 3i 2| i; 18 

3 4 2 2 O: Ij 27 

3 7 3 2 3l 2* 34 

n 12 2 0 2; 42 

7 9 1 4 3 2i 35 

3 4 2 1 3 1 35 

3 2 0 6 0 1 37 

2 2 2 5 1 li 20 

2 0 0 4 1 3^ 28 

2 3 4; 0 1 11 22 

07j 106 65 52 49 37 704 

I ! I 



■M 

TABLE X A 6 ‘ ). 

YJMAGATA. DIURNAL DISTRIBUTION OF 197 EARTHQUAKES. 

I3ec. 1889 - Deo. 1899. 


InHtrumeiitiill y observi* 1 hince Hept. 1894. 


Montii. 

Honr, 

i I. 

n. 

III . i 

iv.i 

V. ■ \i. ■ 

VII. • 

vni. 

IX. ! 3 

i 

xr. 1 

XU. 


h 

0 

h 

lii.ni. 

2 



0 

0 

0 

0 

2: 

1 

i 

0 

0 

1 

6 

1 

2 

0 

3 

o' 

r> 

0 

0 

Ml 

2 

0 

0 

0 

0 

1: 

18 

2 

3 


0 

0 

1 

1 

1 

0 

0 

1 

i ) 

1 

0 

1' 

6 

3 

4 

0 

1 

1 

0 

2' 

0 


0 

0 

0 

0 

0! 

6 

4 

5 

0 

0 

! 

0 

Oi 

0 

1 

0 

1 

1; 

0 

0: 

oi 

3 

5 

6 i 

1 

2 

0 

0 

2 

i ) 

1 

0, 

0 

0 

0. 

1 

7 

6 

7 , 

0 


] 

] 

3 

2 

] 

1 

0 


0 

0 

9 

7- 

8 

1 

0 

2 

0 

0 

3 

0 

0 

1 

0 

1 

0 

D 

0 

1! 

€ 

8 

1 

9 

1 

1 

0 

1 

2 

4 

0 

0 

Mi 

0 


o' 

[ 

0; 

11 

9 

10 

0 

0 

0 

3 

1' 

2' 

0 

5’ 

1! 

o| 

0: 

1 

13 

10 

11 


0 

0 

1 

2 

0 

0 

3 

1 

0, 

1 

0! 

1 

10 

11 

12 


0 

0 

1, 


0 

0 

2 . 

1 

0 

1 


1 

1 

2' 

6 

0 


Ij 

o' 

1 

0 

0; 

1' 

1 

2 

ll 

"I ~ 

0 

1 

l' 

1 

“ol' 

o| 

7 

1 

1 

‘2 ! 

! 1' 
1 

0 

1 

0 

i 

0 

3 

4 

1 

ii 

1 

1 

0 

1 

0 

li 

1 

11 

2 

- 3 j 

! '^1 

0 

1 

0 

i: 

2 

1 

(1 


0 

0, 

0 

0 

4 

3 

4 i 

1 

! 

o; 

1 

0 

1 

1 

2 

1 

0 

0 

0 

1 

8 

4 

- 5 

1 

1 

1 

0 

‘2‘ 

1 

1 

0 

2 

1 

0 

0 

1 

10 

6 

- 0 

1 

0 

2 

1 

1, 

0 , 

1 

2 

3 

(•‘ 

1 

0, 

1 

12 

0 

7 

1 

1 

o| 

1 

1 

1 

• > 

(i 

1' 

2 

0 

1 

0; 

1 

7- 

- 8 

1 

1 

3, 

b 

1 

1 

0 

2 

0 

0, 

! 

0, 

0 

» 

8 

- 9 

0 

0 

«i 

1 

o' 

1; 

0 

1 

2 

oi 

0, 

i 

1 

G 

9 

10 

0 

1 

1 

0 

1 


1; 



0 

0 

i - 


0 

.4 

10 

11 

1 

2 

1 

1 

0 

1 

0 

<• 



1; 

1 

i 

0 

1 


0 

7 . 

11 

12 

1 


1 

! 

0. 

1 


! 

0 

0 

i 

0 

o’ 

1 

2 

o' 

1 

1 

, 5 


Bum. 

13 

: 


"Oi 

29| 

20 

1 

20! 

32 

13; 

6 

1 

u 

197 
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TAXUB X 

WHiKOMAKl DIURNAL DISTRIHUTION OF 1034 
EARTHQUAKES. 

Jail. 1886 -De<v 1809. 

liistnimontiilly ob<*rx'«Hl hinoo 1^01. 













TABLE X 


FVKUSHIMA. DIURNAL DISTRIBUTION 
EARTHQUAKES. 

May 1889-Dec. 1899. 

Instrumoxitully obscrveil since March ‘27th, 18:^5. 


OF 857 


\ Moiitb.|| 

Huur . ' N ...' 

h"U' ii; 

0 lii.ni.i 


II. III. I IV. I V. . VI. 


8 9 

1 

9 1<» 
10-11 
11 12 

0 Ip.ni. 

1 2 
2 8 

8 4 

4 5 

5 - 6 
0 7 
7 8 
8- 9 

9 10 

10 11 
11-12 


2 8 


VII. VIII.| IX. 

2 b' 2! 

2 li 8: 


li 

8 

1 

I 

6 


2 

0 

0 

2 


2 

4 

2 



0! 

4 

1 

-1' 

8 

H 

i 

9 

r* 

i 

5 

8 

0 

0 

8 

»> 

2: 

5 

8 

8 

0 

! 

4' 

4' 

4 

7'; 

4, 

1 

2 

5' 

1 

1 

4 

() 

1 

0 

1 

8 

0 

2 

7 

4 

4 

8 

r» 

1 

1; 

1 

• » 

0 

8 

2' 

• > 
it 

5, 

8 

(5 


7; 

1 

4; 

4! 

4 

4i 

8' 

7 

21 

7, 

i} 

6 

1! 

•^>i 

r> 

2 

2: 

1 

5; 

3 

1 

8 

1 

2, 

4; 

1 

2 

ol 

ll 

1 

3, 

5 

06: 

1 

91' 

1 


•93 


0: 2; 

2l 8' 


31 8 ' 


4: 2 

I 

3' 2 


Bum. 

1 

ij 

30 

1 

1 

36 

4! 

! 

26 

1 

2 

t 

39 

•^1 

23 

2' 

36 

i 

45 

li 

1 

26 

2; 

39 

4! 

60 

3! 

30 

'‘’1 

33 

r 

i; 

26 

2I 

41 

i 

1 

37 

2 

26 


36 

2I 

i 

41 

21 

49 

1' 

47 

3i 

41 


8j 3; 

3 3. 


2i 0 4l A7 

'-4. 

68 72 6a 867 


11 31 

2! 44 














TABLE X {10). 

TOKYO. DIURNAL DISTRIBUTION OF 2208 EARTHQUAKES. 

Jan. 187C— Dec. 1876. 

All Instrumcntally observed. 












TABLE Z iJiy 

MAEBA8BL DIURNAI. WSTRIBUTIOS OF 126 EAUTHQUAKE8. 

Dec. 1896-Dec. 1899. 

All InAtnimeutaUj obMnrrecl. 

Hinir. 

I. n, 

III 

IV. V. 

VI. V1I.| 

VIIlJ 

i 

lY ’ 

lA. , . 

! 

c. 

XI. i 

XII. Suto. 

h h 

0 In.m. 

1 

0 

0 

1 

0 

0 

i 

0 

, 
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TABLE X {22). 

NIIGATA. DIURNAL DISTRIBUTION OF 216 EARTHQUAKEa 

April 1886— Dec. 18.99. 

Instramentally observed since Jim. 1894, 










X {Jn 

NAOOYA. DICRXAL mSTBlBVTtOS OF 307 E.4KTHQrAKK8. 

MmxsJi 1889— Dee. 1899. 

luHtniBienlitUy uliumriHl Mnc«i> April JKs;}, 
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TABLE X Ho), 


liAMAifATSr. Dn-RNAL DISTRIBUTION OF 99 

EARTHQUAKES. 

Jau. 1885 — Dec. IHOU. 
i tutn-ituttramentiillj. 





















TABLE Z ilo‘). 

NAGOYA. DIURNAL DISTRIBUTION OF 1854 EARTHQUAKES. 

Oct. 29th, 1891— Dec. 1899. 


All instruinentuUy obftervetL 
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cabui X (/n 

GIFU. PIURNAL DISTRIBUTION OF 4113 EARTHQUAKKS. 

(Xi. 2(Hli. 1981 -Dec. 1899, 

All inntrnmciitally obtM'rvmL 
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TABXJGt>i 

THU. DJURNAL DISTRIBUTION OF 41<> EARTHQUAKES, 
JiUy 1889— l>6c. 1899. 

Inhtm mentally ohw'rv^d siac^e Feb. IrttJI). 



* These two hourly Bums have been obtained by exoluding the monthly numbers ftjr 
•OctolKiT, on account <»f the Mino-Owiui after shocks. 
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X ( 19 ). 

BJKONS. DIURNAL mSTRIBUnON OF 245 EABTHQUAKKS. 

Jati. 1894— Dec. 1899. 

All ixiftinunmntaUy ohaerred. 
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tabu: X ( 20 ). 


WAKAYAMA. DIURNAL DISTRIBUTION OF 403 
EARTHQUAKES. 

Sept. 1879— Dec. 1899. 

InHtnimeutalSj ob.4erved since Jan. 188S, 
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TftBEZ X'-7t7). 

. Pn'KXAL DISTRIBUTION OF 30 KAKTHQUAKES. 
Jau. 1893- Dec, 1899. 

InHtniniuitAlly (»bi«erviMl since <1 uJy 181)4. 

HoarT^ ■' 

1 

. i n. ‘ m. • IV. ! 

! t 

V. VI. . vn. ' vui. ' 

1 

IX. ! } 

1 

i. ‘ 

XI. ’ 

1 

Xlt. ' Hnui. 

b h 

0 la.in 

;; 

J 

1 

o’ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 2 

f. 

tf 



0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

2 3 

a 

J 

f 

0 

0 

0 

0 

0, 

0 

0 

0 

o' 

1 

0 

0 

0 

0 

3- 4 

i 

h 

j 

Ot 

1 

<1 

0 

1 

0 


0 

oi 

0 

0 

0 

1 

0 

1 

'4 5 

i 

i 

1 

0 

I 

0 

0 

0 

0 

0 

0 

1 

0 

0 

i) 

4) 

1 

6- 6 


1 

0. 

(» 

1 

0 

0 

0 

i\ 

0 

0 

0. 

0 

{) 

0 

0 

6 7 

j; 

i 

0 

J 


0 

if 

(» 

0 

0 

0 

» 

0 

0 

i) 

0 


7- 8 

\ 


oi 

(} 

0 

0 

0 

i\ 

0 

0 

0 

0 

0 

0 

8- 9 

i. 

f 

1 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9-10 

>’> 

0 

(r 

0 

0 

0 

0 

0 

0 

4). 

0 

0 

0 

0 

10-11 

M 

)r 


0, 

0 

(K 

0' 

0 

0. 

1 

0 

0 

0; 

r 

1 

0 

1 

•11-12 


0! 

1 

«i 

1 

i 

\ 

(K 

» 

0 

0’ 

0 

(b 

0 

2 

0 

0; 

3 

* ^ ■ lp.ni.ij 

0 

1 

0 

0 

o' 

0 

0 

0 

0 

0 

0 

0 

1' 

1 

: 1- 2 

>1 


0! 

1 

0 

0 

0 

j 

0 

1 

0 

0 

1 

(►, 

3 

2 3 


0 

0 

0 

0 

0 

0 

1 

(► 

0 

1 

0’ 

0; 

2 

- 3 4 


‘^1 

1 

0 

j 

0 

0 

0 

0 

0 

i) 

{) 


0 

0 

0 

4- 5 



0 

0 

1 

1: 

o' 

0; 

0 

0 

1 

0 

1 

ll 

0 

1 

i 

3 

3 6 

\ 

oj 

0 

0 

0 

1 

0 

0 

1 

0 

oi 


» 

0 

1 

6 7 


1 

0 

0 

0. 

0 

0 

0 

1 

1 

1 

(». 

1 

0! 

1 

0 

3 

■ 7 8 


1 

0 

1 

0 

0| 

0 

1' 

0 

o' 

! 

0, 

0: 

i 

0 

1 

0 

2 

8 9 


o! 

1 

2! 

0 

0, 

0 


0 

! 

0 

i 

ll 

0 

0 

i 

0 

3 

‘ 9-10 


! 

0 

1 


0 

{) 

0 

0 

0 

1; 

o| 

O': 

0 

1 

0 

1 

10 11 


1 

0, 

! 

0 

1 

0 

0 

0 

0 

0 

o' 

li 

( 

1 

1 

0 

0 

2 

11-12 

i 

0 


1- 

I 

1 

0 

1 

1 

0 

0 

0 

0’ 

! 

0; 

i 

J. 

0, 

1 

1 

1 

'■ Suni. 

i: 

1, 

2! 

1 

2 

1 

• 2' 

1 

1; 

1 

1 

1 

1' 

1 

4 

'^1 

i 

3 


30 



-jt 

TABLE X { 22 ): 

KOCHI. DIURNAL DISTRIBUTION OF 86 EARTHQUAKES. 

Jau. 1883 — Dec. 1899. 

Instrnmontnlly obst'rvinl since Dec ISO.i. 
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TAKJB X 


UIHOSHIMA. DlUIO^ATi DIKTRIHUTIDS OF 107 
EARTHQUAKES. 

Dec. 1884— De.-. 181K». 


liiKtniinfintAUy obiiervMl iduop Fob. 













TABLE Z {ii4). 

OITA. DIUKNAL DISTRIBUTION OF 237 EARTHQUAKES. 

Jail. 1887— Dec. 1899. 

All tifclly uhserveil. 
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TABLE X (:»). 

KVHAMOrO. DIURJAL DISTIUBITTION OF 1014 
EARTHQUAKES. 

Jan. 1890— Dec. 1899. 

inAtminisntBlly oljuerreil idnoe Fob. 1H90. 













TABLE Z { 26 ). 

KAGOf^HIMA. DIUENAL DISTRIBUTION OF 704 
EARTHQUAKES. 

March. 1885— Dec. 1899. 


iDHt rumen tnlly <4>H€rv«iil since Nov. 1HH7 













16. Ditintol nrlitntif vnriat As* 4>xAinpl<tti, 1 give in Fig. 13 (la, 
9fl« 3a) ft gmphioil representation of the hourly iliHtribiitioti of oartliquakeR 
for Tok^o, Krinimt mu] Kumnwth*. It will be tceeu that the rurvefi« 
ttMagh apparently voiy* irregular, are still subjtM't ht (•ortain laws. 

Toktjo. Fig. I'l .' 1/1 . The ♦•nrve of the iliiiriinl seisniie variation^ 
oonatructed from 220S ('urthquakeH instmmentnlly observed during 24 
ywvrs, 1876 to 1811!*, indieates two nearly e(|ual maxima n and /j : <i ( -r 113) 
oocoTH lietween 9 and 10 a.m., while U <, - 107) tsvurs lietwet'ii 10 and 11 
p.m. The time iutciwal betwcsMt thes<» two maxima is alanit 1*2 hours. 
Again tliere are two sub-maxima r and »/: < ( •- 00) rx-ciirs betv.m’ii ‘2 and 
3 ft.li!., while «/ ( - 104; cmwuts Ix'tw* en '• and 4 p.m.. the tijiie intenal 
between these twt* snb-maximai being also alvait 1*2 hours. Tims the 
ourve indic.atea, on the whole, four maxima, witli an .avenige time interval 
ol€ hours. Corresponding to the maxima n and />, then' aie two minima 
a' and 6': n' :=7l) <»eenrs In'tween 4 and .'> a.m., wliile /<’ < 81) «H*curs 

biitw'een 5 and 6 p.m. ; the time interval l»«4we(*n the two Iteing alnait 1*2 
hours. Again, eorresponding to the two maxima «• and (/, there are two 
miniina and d' : ~ HI) oeeuis Initween 1 and ‘2 a.m., whil*! tl' { — 79) 

occurs between 0 and 1 ]).ui. ; tin* time interval lietwee.ii tlie two lieiug 
also alx>nt 12 hours. Th*' dill'entnee between n jind n is 4*2, while tluit 
between b and h' is ‘2G ; these value.s being resju'ctively 46"o and of 
the mean houi-ly-eaitlujiiake numlier, namely 9*2. 

J^emuro. Fig. 13 {2, ff;. Tlwi totul number of earthquakes obsen'etl 
instrumeutally at XriHtfO) l>etweeii Marcli 1894 and Dee. Hist 1899 
is &91 The diunial distrihutiou j^ives tlie mean liourly imml)er of 41,3. 
{See Table X (1).) The curve <»f the liourlv sei.smic frequency indicates 
the absolute marinw h (::r53) Iwtween 11 a.m. and noon, and the absolute 
4niniinuin // f = 25) between 2 and 3 p.m. ; the difference l>etweeu h and 
6/ which is=28, beinp; of tlie mean liourly earthquake number. 
The form of the cuito is neither ivgulnr nor simple, but from the mean 
dotted curve we see that there arti tluxie maxima f/, h and r, indicating the 
8 hours period. Corresponding to thesis maxima, there are three minima. ^ 
a*, V amd c'. 



Knmamoto. Fig. 13 (5i, rj). lu Kiimaittnto 1014 earthquakes wers 
observed, iuHiruraentallj for tlie ino-^t part, between January 1890 
Dec. 1899 ; tlieir diurnal distribution giving a mean hourly number of 
42.2. (See Table X (2;'>). ) The curve of the hourly seismic frequency 
■ indicates two well defined maxima a and Jt : a ( —(>0) occurs between 9 au^ 
10 a.m., while h ( = 50) occui’s between 9 and 10 p.m. ; the time intemd 
between the two l)eing exactly 12 hours. Corresponding to the two 
iTinxima, tlierc are two minima n' and !>' : a' ( = 24) occurs Ijetween 2 and 
3 a.m., wltile />' (=30) occurs between 5 and 0 p.m. The difference 
between (t and a', which amounts to 30, is 80"^ of the mean hourly 
eai'thquake number. 

17. Ifoxi’n of (H-citrrciu'c of titi' ahsolitfr > mo ami minima. Table 
XI give.s for the difiei*ent stations the liouvs of occurrence of the absolute 
maxima and minima in the diurnal vai iation of seismic frequency. 

TABLE XI. 

HOTHiS OF (KiCl IUUCNTT: of the absolute MAXIMUM 
AND MINIMUM IN THE DIUKNAL SEISMIC VARIATION, 


Stations. 


Nemuro. 

Miyako. 

Ishinomaki. 

Fukushima. 

Utsunomiya. 

Tokyo. 

Nagoya. 

Gifu. 


Wakayama. 

Kumamoto. 

Kagoshima. 


Houi-s of occurrence of 


Maximum. 

11 a.m.-noon. 


9-10, 1 

G- 7, 

0 - 10 , 

1 - 2 , 

10 - 11 , 

J 10-11, 

I 7- 8, 
5- G, 

0 - 10 , 

1 - 2 , 


Minimum. 

2 - 3, p.m. 

2-3, p.m. 

0- 1, a.m, 

4- 5, a.m. 

11 p.m. -Midnight. 

4- 5, p.m. 
j 0- 1, p.m. 

1 6- 7, p.m. 

4- 5, p.m. 

0- 1, p.m. 

2- 3, p.m. 

2-3, a.m. . y 

/ 

4- 5, a.m. 




m 

, Tkbfo XI coutniun ouly ilio»«e Kiaiioiis, for each of wiiicli tlm iiuiiilier 
of murthquakeB ob:M>n*ocl was grBaier tlian ilH). From iluH table, it will lie 
oeeu tliat tlie Iiours of oot'tirreiioe of tbe nbsolnte maxima and minima in 
file diurnal seisniic variation are very different for tlie different plaoea. 
This mav {iiuiiy bt* due tlie fjwt tluit eariliquakos obsen*e<l at Horiie f>f 
tlie stations are not suflicieutly imiiierous. TIm^ probable oaas<^ is, liow- 
cver, tlie predominHui!e of diiTereiit }>eri<Hlicities at the different statiotm, 
(See next Ji.) 

IH. PciUtviiciiiejt iu (Jtr iilurnal Hei^mlr varinfloiK From the existemv 
Qi the diunial i>eriod, aliicli in the canes of Tokyt>, X<miiuk> and Ktiiiia- 
nioto, as above exenijilified, is well pronounced, wo may expf‘ct for some 
phu'es to find the Imnnoiiics or 1*2, H, li .... lioure ]>ori(Kls in tlie diurnal 
fieisiiiic variation. Hut, as ono or otlier of tliesf^ various i^eriods may 
predominate at each phice, we may n^asonably suppiisc*. tin* diurnal 
variation of seismic frequoncy to b? a deal difienuit for the difitUHuit 
atations. Hem^ also the luaxiina and minima may (H*cur in differmit 
hours at the latter. 

The diurnal seismic variations at the 12 stations contained in Table 
XI, nameW, Nemuro, Miyako, Isliinomaki, Fukushimii, Ftsunoiiiiyii, 
Tokyo, Xagoya, Clifu, Tsu, Wakayama, Kumamoto and Kagoshima, 
graphically shown in Fig. 13 (1 3) and Fig. 14 (1 3‘, from whicl* it w'ill 
lie seen that those stations can bo divided into four diflerent groujis, as 
fellow's. — 

(1). Siatiom with 12 hoftrs perltul. This group includes Fukushimu, 
Utsnnomiya, Wakayama and Kuinaiuoto. (See Fig. 14(1) and Fig. 13 
(3).) The hours of occun'ence of the two maxima and two minima aro 
given in the following table. 




Utsunomiya sho\vH, like Tokyo, besideR the two principal ransima ^ 
and h, two sub-maxima c and d ; so tlmt in this case there exists also the 
6 horn's period. It will be seen that on the whole the hours of occurrence 
of the maxima are approximately’ the sumo for all the four stations. 

(*2). Statimii ' tdfh 8 hourn /«?<■/< -.7. This group includes NemurO^ 
iliyako, Gifu and Tsu. (See Fig. 13 (2) and Fig. 14 (2).l The hours cif 
occurrence of the 3 maxima and 3 minima ar«‘ given in the following 
table — 


^ ^ Station. 

IX. or Mill! 

Nernuio. | 

Miyako. | 

! 

Gifu. 

Tsu. 

1st max. 

at 4 a.m. 

1 - 2, ii.m. ! 

4-5, a.m. 

2 - 3, a.m. ■ 

2nd „ 

lla.in. -noon. 

0 -10, a.m. 

0 1, p.m. 

10-11, a.m. 

3rd „ 

5 - 7, p.m. ! 

(5 7, p.m. ! 

at 9 p.m. 

7-8, p.m. 

1st Min. 

8 - 9, a.m. 

at 5 a.m. 

9 -10, a.m. 

at 7 a.m. 

2nd „ 

2 - 3,]).m. 

at 2 p.m. ' 

3 - 4. p.m. 1 

1 - 2, p.m. 

„ i 

10-11, p.m. 1 

at 11, p.m. 1 

10-11, p.m.'i 

0-1, a.m. 


Thus the hours of occurrence of the maxima and minima are 
approximately constant for the four stations. Further, the 2nd minimum 
and the 2ud maximum for the stations of Grouj) (1) occur roughly in the 
same hours as the 2ud minimum and the Brd maximum for the stations of 
this group. 

(3) . Station icith 6‘ hnur-s ji'-’dod. The only well defined example ()f 
this class is Tokyo, the hours of occurrence of the maxima and minima 
being as follows. — 

Ist Max 2-3, a.m. 1st Min 1-2, a.in. 

2nd „ 9-10, a.m. 2nd „ 4 5, a.m. 

3rd „ 3-4, p.ni. 3rd 0-1, p.ni. 

4th 9-10, p.m. 4th 6-6, p.m. 

The 2nd and 4th maxima for Tokyo thus occur approximately in the 
same hours as the 1st and 2nd maxima for the stations of group (1). 

(4) . Stations loith 4 liotira period. Tliis group includes Ishinpm^ki, - 
Nagoya and Kagoshima, the diurnal variation at each of these 
showing 6 maxima and C minima. The curve for Nagoya is somewhid)' 
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lioi tbow* for THhino-nnki and Kngodtima are mooh similar to 
one another: 

From vhat has lioen said above it seems llmt the dinriml variation is 
dilisreut for the difTenmt plac«'s ; the maxima and minima belonging to 
one and IIm» same ]ieri<xlicity, however, having a tendency to occur at the 
different places simultaueooHly.^ 

19. ^itnount (tf tfie diurwil rnri'ition. Table XII gives the 

3 -hourly distribution of the earthquakes; wliih* Table XIII gives the 
hoorly and 3 liourly maximnm and minimnni eitrihqnake nnnilM'rs. their 
difference and nean. and the amount of the llnctuatioa expiessed in 
percentage.* 


* In Table XIII, Sapporo and ot!ier 14 statioQB, whose earthquake number is leas than 
lOO/^bave been excluded from the list of ho^ly distribution ; similarly the three stations of 
HfinuMnaisii, Hamada and Kochi, whose earthquake number is le'is than 100, haire been 
exolndedl from the list of S-hourly distribution. 




TABLE Xn. 


mUltNAIj VARIATION OF SEISMIC FREQUENCT : J3-HOURLY 
EARTHQUAKE NUMBERS AT TH]i DIFFERENT STATIONS, 


Hour-interval. 

n.m. 1 

a.m. 

1 

H.ni. ' 

a.m. 1 

}Utl. 

p/n. 

p.in. i 

! 

p.ni. 1 






1 



' 







, 

. 




iMun. 

Station. 

0 3 i 

3-6 i 

0 9 ; 

9 121 

0- 3 1 
1 

3 0 1 

1 

6-9 I 

9-12 : 


1 

Noiiniro 

119 ' 

14ft ; 

1 

3 38 ! 

133 

92 1 

131 ; 

122 , 

108 

991 

Sapporo 

20 : 

22 ; 

16 i 

10 ; 

12 ’ 

21 : 

20 

20 ‘ 

163 

Hakodate . . . . | 

44 

35 i 

27 ' 

30 1 

38 1 

38 

48 

41 , 

301 

Alvita ’ 

40 , 

44 i 

36 ' 

41 ' 

30 ' 

^ 44 

* 55 ; 

44 1 

*340 

Miyako 

0(» 

09 ! 

82 

99 : 

78 ' 

103 , 

107 ' 

76 i 

704 

Yuningata . . . .1 

24 ; 

10 

20 

29 j 

22 ; 

oO 

34 ; 

16 1 

197 

Isliinoinaki ... ' 

<)8 ' 

107 • 

309 

133 ' 

185 . 

140 

141 ' 

1V> 1 

1034 

Fukushiina . . . 

1)0 , 

98 

110 

113 i 

104 1 

103 

IdT 

102 1 

867 

I'tsuuoinij-a 

47 

53, 

71 

75 

00 , 

53 

71 i 

66 

492 

Tokvo 

203 

243 

283 1 

290 ; 

255 ' 

282 , 

286 i 

306 

2208 

Maebaslii . . 

14 , 

13 

17 , 

17 i 

15 

17 ' 

17 ' 

16 

126 

Niif'/ita 1 

19 

2*’} 

25 

32 

15 

32 

35 

95 

216 

N;ig;ino 

32 

30 ; 

29 ' 

44 

30 

50 

38 

42 

307 

Nuinazu 

. 23 1 

13 

21 , 

17 

23 , 

14 

23 

28 , 

162 

Hamamatsu . . . 

' 13 

7 ' 

13 

12 

12 

15 

12 ; 

15 

99 

Njigoya 

312 

280 1 

203 

200 ■ 

1!)0 ; 

215 

197 i 

245 

1864 

Gifu 

, 525 

500 ! 

480 

451 

•!88 i 

442 

585 

570 

4113 

Tsu 

50 

39 ; 

* 38 , 

51 1 

35 1 

[ 55 

51 

51 

1 *370 

Hikoiie 

i 22 

30 1 

29 ’ 

32 , 

31 

, 32 

1 29 

34 

1 245 

"Wakayama .... 

1 43 

54 i 

40 ; 

45 

51 ' 

59 

i 47 

58 

1 403 

Hamada 

i 2 


0 

4 

0 

1 4 

: 8 

4 

i 30 

Kochi 

1 14 

9 ! 

0 

10 

12 

i 2 

! 14 

13 

80 

Hiroshima . . . . 

j 14 

i 15 1 

! 11 

j 14: 

13 

; 14 

7 

19 

107 

Oita 

20 

: 30 

1 1 

39 

41 

33 

' 20 

: 27 

21 

237 

Kumamoto .... 

1 100 

i 105 

139 

154 

146 

118 

105 

142 

1014 

Kagoshima . . . . 

52 

1 33 

4-4 

54 

64 

65 

51 

51 

404 

Sum. 

2090 12090 

1 1 

j2044 

2149 

1 

2057 

2107 

j2267 

2234 

17060 


The numbers inr.r]c(*(l with ( • ) are the modified ^mmhers. (Table Xlll.) 
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TABLE Zm. 

DIURNAL VARIATION OF SFJSMIC FREQUENCY. 


/ ” Mms hourly njko imnilH-r 

DiJFwTuv lietwe-'D Ihi' iDn\. iitul luin. 
bonriy cs|kr iitin.b'rK 

^ ^ fDiimial fliu'tiuitiitii of the hour)\ 
* “ y ’ I M^ininic frw|iitfDt'T, iu 


Mi«n 3-hourIy c<|k«' LDniU'r. 

(I>ifTi‘n*mv imx. nml min. 

I 3-hourJy rnm;lH»ix 

ft > IHunia] the 3 -honrly 

>’ ■ *( M'lsii.jc InNjuer.fv, iu 


Hourly distribnlion. iMiourly distvihutiou. 

StHtioii. 



Max 

uunilMT. 

Mm. 

numlM-r. 

/ 



Max. 

nunilH'F. 

Min. 

niinU'r. 

F 

a 


Nemiin) 

53 

2’) 

11.3 

28 

«;s 

14S 

*.)‘2 

12:5.9 

56 

45 

Bappotf) 






2<i 

12 

19.1 

14 

73 

Hakod&te 






48 

27 

37.0 

21 

56 

Akita 






5r> 

30 

42.5 

19 

45 

Mijako 

42 

IS 

29.3 

24 

82 

107 

09 

88.0 

38 

43 

Yamagata 






34 

10 

24.0 

18 

73 

laluDomaki 

IK) 

23 

42.1 

67, 

159 

185 

98 

129.2 

87 

67 

Faknsbiran ' 

.50 

23 

35.7 

27 

76 

137 

90 

107.1 

47 

44 

Utannouiiyu 

:}() 

12 

20.5 

18 

8S 

75 

47 

01.5 

28 

46 

Tokyo 

113 

71 


42 

40 

300 

243 

270.0 

03 

23 

HaekaBlii 






17 

13 

15.7 

4 

26 

Niigata 






35 

15 

27.0 

20 

74 

Nagano 






50 

29 

38.4 

27 

70 

Nnniazu j 





1 


13 

20.2 

15 

74 

Hamamatsu | 


1 



1 

1 J 

i 

! 1 

1 

1 

1 

1 

Niagpya 

1 117 j 

55 

77.2; 

62; 

: SO 

1 i 

312 

190 

1 231.7 

122 

53 

Qifa 

219 i 

! i 

i;38 

171.4 

81| 

i 47; 

585 

442! 

1 514.1 

1 143 

28 

Tin 

■ 23 

7 

15.4! 

! 16| 

iwl 

65 

35 

46.2 

' 20 

43 

Hikone 

I 



1 

I 

1 

36 

22 

40.6 

! 14 

34 

Wakayama 

Hamada 

24 

1 

i 

16.7 1 

1 

! 

14 

84 

69 

43 

50.4 

1 16 

i 

1 

32 

Koohi 

Hiroabiina 

! 





19 

7 

13.4 

12 

90 

Oita 




1 


41 

20 

29.6 

21 

71 

Knmamoto ' 

60 

24 

42.2 i 

i 36 

85 

154 

105 

126.7 

49 

39 

Kagoahima 

31 

9 

16.8 

22 

131 

64 

33 

60.6 

31 

61 

* Moan 
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' According to Table XIII, tlie fluctuation of the hourly earthquake 
number (h) varies between 46 and 159^^ and has a mean value of 85%. 
Again, tlie fluctuation of the 3-hourly cai-thquake number (H) varies 
between 23 and 90 /'q and lias a moan value of 52^^. (In deducing these 
?/WJa7w, the weight of the results relating to the diffei^nt stations is taken.' 
its 2 when the eartliquake number is above 500, and as 1 wluui it is 
below 500.) 

20. (''a fuse t if the fthirwil varkdion of seismic frequency, Tlie principal 
^^aiise whicli produces the diurnal variation of seismic frequency is 
]>robabh’ the atrnospberic*. i)ressure. For the sake of reference I give in 
M’able XIV the m(*aii hourly barometric ]U'essures observed at Kumamoto 
a:ul other \\firsf chess metef)rological observatories.^ 


• Table XIV is extracted from the Climate of Japan, published by the . ee^ml 
Weteorolopical Observatory. A first c^ass meteorological observ'fttory is one, which T^akes 
hcAtrly nieteorologicol observations. 



* Nagano excepted. 
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To 860 the rolatioQ between the diurnal variation of seismic frequency 
and that of barometiic pressure, I give in Fig. 13 (1-3) as examples; 
a gniphical repi-esentation of the variation of the barometric pressure and" 
the 3 hourl}' earthquake*, numbers at Tol-yo, Neninro and Kumamjfo. 

'J'oJci/D, Fig. 13 ill. The cun-o of tlie 3-h(jurly eaitliquake nuinljer 
indicates two maxima A and D and two minima A' aind B,' while the 
curve of tlie barometric pr(*.ssuro indicates also two maxima (' and I) and 
two minima (V :ind I).' The forms of the two curves are very much 
Himilar and parallel to oikj another, the maxima and minima occurring at 
almost the same hours for Ijoth. Thus, the maximum barometric pressure 
appear at 5) a.m. and between 0 and 10 p.m., while the maximum seismic 
frequeuej’ (Kanirs botwi'tni 9 and 10 a.m. and between 9 and 10 p.m. 
.\gain the jninimum barometric pre.s.sure ot-eurs at 3 a.m. and .at 3 p.5p., 
while the minimum seismic freiiuoaey also ooenr.s at about the same 
lu>nrH. 

Norn tiro. Fig. 13 r2). Tlie variations of the seismic frequency and 
of the l)aix>tn(‘tric prt'suiro show each two maxima and two minima ; 
the forms of the two cuiwos being similar to each other. The absolute 
miniiimm of the barometric curve occurs at 2 p.m., while that of the 
seismic curve also occurs between 1 and 2 p.m. 

Kumomnh). Fig. 13 (3). The variations of the seismic fi-oqueucy 
Jind that of the barometric pressure show each two maxima and two 
minima ; the forms of the two curves being similar to each other. 
Thus the two maxima of the barometric curve, C and D, occur 
re.spectively between 9 and 10 a.m. and between 10 and 11 p.m., w’hile the 
maxima of the seismic curve also occur respectively between 9 and 10 a.m. 
*nd between 9 and 10 p.m. Farther, one of the barometric minima 
occurs at about 4 a.m., while one of the seismic minima occurs also at 
about the same hour, namely, between 2 and 3 a.m. 

■ From these examples we cannot but conclude that the diurnal 
variation of seismic frequency is caused, mainly at least, by tliat of tlie 
atmospheric pressure. To see more generally the diurnal seismio 



TrilUnn for the whole of Japan. 1 f^ire in Table XV a modification of the 
contained in Table XIIT, namely the 3 liourly earthquake 
inquenries. expreased in |)i>rceutageH. for the 26 diflhrent stationM ; the 
Intal ditminl aoiauiic frequency for entdiof the latter being taken an 100%. 
Tlie figures in the last ralunin, 'S \ an* the total nnmiteraof the earthquakes 
taken atvouut of in the constnicth>n of the table ; and the mean valnos of 
Die frequencies given at the Ixittoin niw luive l>een calculated by supposing 
the weight of the results for the stiitions with iS'>500 to Ix) double that of 
the results for the statioiLs with •S<500. 



TABLE TV. 


DIUKNAL VARIATION OF SEISMIC FREQUENCY. 

7 he {3-hmirhj) frcjnency Iwh tjeen drained hy 7nvUiplying the actual 
caidhijuake immbec infh the factor — ^ \eherc 8 deiwttes the 
total eaiihqunJoi luirnlier at ft <jicm station. 





OH ! 

t 

3-0 

a 9 ’ 

9 12 

0 3 j 

3-6 

6-9 

6-13 

StiitioD. 

a. in. 1 

a. in. 

a. in. j 

a.in. 1 

1 

l).in. 

p.m. 

p.m. 

i).in. 

Nemurc)* 

i‘j() 

149 

1.39 i 

1.34 1 

93 

132 ! 

123 1 

109. 

SHpix)n) 

IHl 

144 

105 

105 

78 ! 

137 

131 ' 

I 

170 

Hakodate* 

14(5 

110 . 

90 1 

100 

120 ' 

120 

159 1 

1 

136 

Akitji* 

UK ■ 

129 ' 

100 ! 

121 ! 

100 ' 

129 

162 

129 

Miyako* 

1-2K 

98 , 

no 

1 H 

111 ! 

no j 

152 

108 

Yauiagata 

122 ; 

81 

132 ; 

147 

112 j 

152 ! 

173 

81 

iKliiiiomaki* 

, 

103 

105 i 

129 

179 j 

141 1 

136 


Fukiisliiina* 

lOf) ; 

115 

129 

132 : 

122 i 

121 

100 

119 

T^tsniiotniya* 

Do 

108 

144 ‘ 

152 

134 

100 

144 

114 

I’okyo* 

IID 

no 

128 

131 ; 

no 

128 

130 

139 

Mnebaslii 

111 : 

lo:*, ■ 

135 ! 

135 i 

119 

135 

135 

127 

Niigata* 

88 : 

io<; ; 

116 

148 

09 

148 

162 

162 

Tva^jino^^ 

104 ' 

98 ; 

95 : 

143 

117 

183 

124 

137 

Nuinazu 

1 142 1 

80 1 

130 

105 

142 

86 

142 

173 

Hamamatsu 

1 IHl i 

71 

131 : 

121 i 

121 

152 

121 

152 

Nagoya* 

i 1 

154 

109 

111 1 

102 

116 

106 

132 

(iifu* 

i 128 1 

138 

118 , 

no ! 

119 

107 

142 

139 

Tsii* 

I 135 1 

105 

103 

138 1 

95 

149 

138 

138 

Hikoue* 

i 90 

145 

118 ! 

131 ' 

126 

1 131 

118 

139 

Wakayama* 

107 

134 

114 i 

112 

126 

146 

117 

144 

Hamada 

1 07 

67 

^ I 

133 

200 

133 

260 

133 

K«')cLi 

I 

: 102 

104 

70 1 

180 

139 

23 

162 

161 

Hiroshima 

! 131 

140 

1 103 j 

131 

122 

131 

65 

178 

Oita* 

84 

127 

1 

165 

173 

139 

no 

114 

89 

Kumamoto* 

' 105 

104 

137 

152 

143 

116 

104 

140 

Kagoshima* 

129 

82 

1 

109 

134 

1 

159 

136 

126 

126 

Sum. 

1 3001 

1 2911 

1 2947 

I 3455 

1 

3215 

3322 

3612 

3476 

Mean. 

110,2 

110,8 

119,2 

1 131,9 

120,4 

131,4 

133,7 

i30J5^ 


* The BBteriBka mark those Htationn whose S or total aotiud number of earthqiifikeSt'] 
greater than <2CU. In the deduction of the Mean frequency, I have excluded the three Btatioi 
of Hamamatsu^ Hamada and Kochi, whose S is less than 11)1^ 






The upper rarvo in Fig. l/I linn l>Beu tlmwn from the nvemge values 
el the 3-liOQrly fiwjiio.iries as given at the bottom row of Table 

XV, ami ivpivs4‘nt8 tli«' diiirnal setHtuic variation for tlie whole of Japan. 
The lower t une in th*‘ sa in- ligim- is given for the wike of (‘omparisoa and 
represents the diurnal variation of the barometric iux*ssutn?. so to sjM^ak, 
for the wliolii of Japan, the ordinate iKuug the uu-an hourly bnnnnctric 
height fn'>m Kumamoto and 1) other A‘/%s’/ e/oxs nii-tetuxnogieal obsc^rvatories, 
given in Table XIV. 

It w'ill l>e that tlie seismic curve is mucJi similar to the 

barometric curve, each imlicatiiig two mavima and two minim. i, whicli 
occur ill ab nit the same Iiours of the daiy f*u* botli. Tims, in the sei.smic 
curve the two maxima ocimr ri-sjMvtivdy b.dweeii lO and 11a.m. and 
between 7 and S ji.m., and th ‘ tw'o minima rcspectivtdy at alnnit 4 a.m. 
and b.'itween 1 and 2 p.m. In tin cue of tin* bammetric curve, the two 
maxifua wcnr respectively at a.m. and at 10 p.m., and the) two minima 
respectively at 4 a.m. and at 0 p.m. Tliii similarity of the sc-ismic curve 
to the barometric one must b' re^^arded a.s being suffic'iently clo.so as wo 
can exi>ect, considering the txi.nplicated nature of the probloni and 
particularly the presence <^1 tlie liarmoiiics of the diurnal perii)d in tlio 
seismic viunatioii. 

From Tables XITl and XV we see that tlie inaxiuiuin, iiiiiiimuin and 
mean values are, for the average hourly barometric pressure, respect ivel}^ 
760.65, 759.29 and 760.07 mm ; and, for tlie 3 -liourly seismic frequency 
(Table XV) respectively 133.7, 116.2 and 125.0. These give the 
fluctuations respectively of and 14^V* 

21. lietnarhi on tlu' animal awl dinrn il .susinic variations. As stated 
in § 14 the annual frequency variation of the (.1) region whicli originate 
- mostly inland, follows that of tlie barometric jiressure ; while, with the (/?) 
region earthquakes, which originate mostly under the ocean, the reverse 
is the case. In the diurnal seismic variation, however, no such peculiarity 
ia to be found whether the origins of eartliqiiakes be inland or subooeanic. 
Thus, for example, the diurnal seismic variation at Nemiiro^ Miyake^ 
Fukuddnui^ Utmwjiuiya^ Tokyo, Oifu, Nagoya, T'm and Kumamoto 



more or Iohs Hiinilar to the barometric diurual variation, although the first 
four of these stations belong to the [Tij region and the remaining five 
1)elong to the ( J) region. This fact may appear to present a contradiction 
to what lias been said respecting tlie barometric pressure, as explained in 
■§ 12-14. We ai’e not, liowever, at all justified to infer simply from the 
de]Hnideiu*e of the annual seismic* variation on the geographigal position 
tlio existence of any similar relation in the wise of tlie diurnal variations. 
In fact, to base conclusions on cci-tain phenoinena from the mere analogy 
of some a]>ymr(Mitly similar or allied ones is a thing which requires the 
utmost yirecuation. As an exanijile, I may refer to the difference between 
till' annual variation of dostructivc' eartlujuakes and that of ordinary small 
ones,* and to tlie non-uniformity of the annual seismic variation in the 
different yiaiis of Japan {>$ 7 . Turning now to barometric pressure^*, we 
s<M‘ iliat the diurnal ^aria^ion in Japan itself is similar to that on the 
northern Pacific; the only diff(‘r<in(‘e being that the amplitude of the 
variation is smaller for th<‘ latter than for the former. This fact will 
cause tli(^ diurnal varialioii of seismic frecimnicy to be in the main similar 
to tliat of barometric pressure, irresjiective to the origins of the 
earth<|uaktjs. 

22. CnttrlKsiu/f. According to wdiat has been said thus far the 
seismic fre(|ueiicy seems to liavo a (dose relation to the atmospheric 
pressure. It is, how^ever, to be noted that ,siufjle barometric fluctuations, 
which, during storms, may sonudimes iimouiit to 20 mm or more, are in 
general not accompani(»d or iium(*diately follow'ed by any marked increase 
of seismic frotpiency. This fact was, amongst others, found to be the 
case with the numerous after-shocks of the great Mino-Owari earthquake 
0(4. 2Hth ISOl.t (^11 the other hand, the annual and diurnal (and 
possibly some other) variations oi the atmospheric pressure. Although the 


• See my Xafes on the Karthqnake Investhjafion Cmimiitiee Catnlofiue of Japanese 
EnrthqmJceSf Jour. Sc. Coll. Imp. C^niv., Tokyo, Vol. XI. 

t In the case of the xmUrijroxml sowids at Alima, however, the frequency seenyed to 
follow’, in some instances at least, barometric changes. 



«l 

ifciotete unoout IK itot Yeiy giritt. lYjuUuue fur ever mitl crniHeqaenUy iiuij 
Ih> nippuK«d to lie eH])iil»le of pitKliicing cont'Hpondiug oHdllatioiM or 
ptrJodie TiuiatiouK in tlie stmHseH osiBting in tJi« eHrth’K crust. 

I hare Itoiv coiifinoil in vMdf to Hh' goueml ouiiHidemtinu of the suiiuai 
ttid diuninl seisinii* viirinlious in Juinui, tlie inveKtigHtion of otlier 
p>rio licit i<‘K licing rf*s4‘m*d to n future (H*cn8ion. 

Feb. 25th, IIKH). Tokyo. 




1. VsriAtion of Seismic Frecjuencjr st 
(Jan. 1876-Sept. 1894.'» 




Fig. 1 . (OlKUjf XV. 
































(9*- f)»«aaK»ta»l V««rM>tino «af S«»iM«aia Waqwnnes 
f%rmMnamtjfn, .AAmAcmA* (UmI /#rfcow. 





Fin 6, 


AtttftcukI IHfttrilsfKiicMft of lUlH « f Awl^rMstiim madl 









Fig. 8. Distribution of Baiometrio PreaBOte in the 
Northern Paoifio, 

(Dotted curve is for July and August. 

(Full curve is for January and February. 
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IS, (S)* X>iimal VariaiaoTwi of SaismSo Vc#g(iiiaMgr 
mnd. Baiometric Preamva. 
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(3). Dinmal 'V’ariatioii of Seismic FrequeAcgr. 
Isihincmcbkif Nagoya and Kagoshimct. 
























